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THE YERKES OBSERVATORY. 


WM. W. PAYNE. 

The completion of the Yerkes Observatory of the University of 
Chicago, located near Lake Geneva, Wis., is an event in the his- 
tory of astronomy that will have prominent place in the record 
of modern science. This is true because the Observatory is fur- 
nished with the largest refracting telescope in the world, and also 
because the men who are to use it are among the most skillful 
observers known to recent astronomy. 

When Yerkes Observatory has had opportunity to show what 
it can do for astronomy, the high expectations of its admiring 
friends will be met doubtless, in a way to bring deserved honor 
to all even remotely concerned. 

The accompanying frontispiece represents the Observatory 
building which is situated on a tract of land containing fifty- 
three acres of plateau at the summit of a succession of small hills 
on the shore of Lake Geneva, a beautiful body of water eight 
miles long and one mile wide, situated in southern Wisconsin, 
seventy-five miles from Chicago. The Observatory site was given 
to the University of Chicago by Mr. John Johnson of Chicago, 
and is located on the north shore of the lake, near its western 
end, about one mile distant from Williams Bay and seven miles 
away from the town of Lake Geneva which now contains about 
3000 inhabitants. The center of motion of the great telescope ‘s 
240 feet above the surface of the lake and 1800 feet distant from 
its shore. Those who have had the responsibility of selecting the 
site, deem it a favorable one on account of its distance from 
things which interfere with the success of astronomical work at 
present or in the future. The nearest railway line is one and one- 
half miles distant; electric lights are seven miles away, and the 
region about the Observatory is thought to be undesirable and 
even unsuitable for manufacturing purposes. 

The architect of the Observatory building is Mr. Henry Ives 
Cobb of Chicago. The preliminary plans for the Observatory 
were completed in Berlin in 1894 during Professor Hale’s visit 
abroad for the purpose of studying recent improvements in Ob- 
servatories and spectroscopic laboratories. Mr. Cobb finished 
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the plans in February, 1895, and work on the building began in 
April following. Various hinderances caused the work to go on 
very slowly for two years and more until it is now so far com- 
pleted that astronomical work of some kinds can be pursued. 

From the plates given it will be understood that ‘“ the building 
is in the form of a Latin cross with three towers and a meridian 
room at the extremities.’’ The length of the structure from east 
to west is 326 feet. The largest tower which contains the 40. 
inch refracting telescope is ninety-two feet in diameter. The 
building is constructed of brown Roman brick and is two stories 
high and is ornamented with terra-cotta finish of the same color. 

For a full description of the building including the various in- 
struments reference should be made to the March (1897) and 
subsequent numbers of the Astrophysical Journal, in which will 
be found a series of articles with illustrations giving very full in- 
formation. 

The optical part of the great telescope is above all others the 
important factor in expected results. If the lens is not first rate 
in quality much of this large expenditure of money will be of 
small account. On the other hand if the late distinguished 
maker, Alvan G. Clark, has done his last great work well, like 
that on each and every one of the large lenses which he has made 
for several of the most prominent Observatories in the world, 
then large expectations may be confidently realized. For the 
lens is much larger than that of the Lick telescope; its diameter 
being four inches greater gives the Yerkes glass a light-gathering 
power of fully twenty per cent more than that which is com- 
manded by the Lick glass. If our readers remember that the lens 
at Mount Hamilton is 36 inches in diameter and that at Yerkes 
Observatory is 40, they will be able to compare the light gather- 
ing power of the two glasses approximately by squaring these 
diameters and noting the relative sizes of the resulting numbers. 
In this connection it may be useful to some to add what has been 
published before in this magazine concerning the size and weight 
of the two glass disks which together form the objective of the 
Yerkes telescope. The extreme diameter of the lens in the clear 
aperture is 40 inches, the crown lens is about 2! inches thick at 
the middle, 34 of an inch thick at the outer edge, and weighs 205 
pounds; the flint glass weighs 310 pounds. The combined 
weight of the two with the ironring and cell is 1009 pounds, and 
the focus is 61 feet. Some two and one-half years of labor was 
spent on these lenses by Mr. Clark, and the estimated cost of the 
finished objective was about $70,000, the unworked glass plates 
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Stellar Photometry. 


alone having cost in Paris $20,000. These figures were obtained 
by letter from Mr. Alvan G. Clark some months ago, in answer 
to our request for the same, that letter being the last which we 
have had the pleasure and honor to receive from him during his 
short life thereafter. 

As very briefly noticed in our last issue, the object glass of the 
Yerkes telescope was received at Williams Bay May 19, and on 
the day following it was attached to the tube of the telescope, 
and on the evening of May 21 a party of visitors accompanied 
the officers of the University of Chicago for first views of celes- 
tial objects by the aid of the new instrument. From all reports 
so far received, the astronomers at the Observatory, Mr. Alvan 
G. Clark and his assistant, and the non-professional part of the 
visiting party were pleased with the performance of the new tele- 
scope although the condition of the sky was not very favorable 
at the time for anything like test work of a very large object 
glass. 

We are pained to learn that soon after the visit of inspection 
referred to above the moveable floor of the Observing room in 
the great dome being somewhat elevated fell destroying the ma- 
chinery forits motion and making the floor useless for the purpose 
intended. So far as we know the telescope and pier fortunately 
were unharmed. A fuller report of this accident will be given 
later. 


STELLAR PHOTOMETRY. 


Cc. M. SMITH. 
ForR POPULAR ASTRONOMY. 


At the request of the editors of PopuLar AsTRoNomy, the fol- 
lowing description of the astrophotometer of the Washburn 
Observatory has been prepared, together with some account of 
the aims and methods of photometric research. 

A study of the stars naturally brings out conjecture as to 
their size and distance, and it is not surprising that in the mind 
of the ancient observer the brightness of a star was related to its 
actual size. 

In the star catalogue of Hipparchus and Ptolemy we find some 
twelve hundred of the stars arranged according to their bright- 
ness in groups or magnitudes (“éyaéos) so called, of which the 
sixth magnitude included those stars just visible to the naked 
eye, while the first comprised some twenty of the brightest stars. 
This classification was later extended to fainter telescopic 
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stars, but the estimations of different observers varied widely, 
and it was not until the year 1796 that more definite methods 
were applied. 

About this time it may be said that systematic stellar photo- 
metry began with Sir Wm. Herschel. Instead of assigning to the 
stars definite places in a scale of magnitude, he preferred to ob- 
serve them in small groups of four or five, arranging them in the 
order of brightness at the time of observation. Thus could a 
subsequent change in the brightness of any star in a group easily 
be detected. 

Sir John Herschel following the work of his father, planned to 
arrange by this method, all the naked eye stars according to 
their relative brightness, and then to re-classify them, following 
the older idea of magnitudes, which at this time had been reduced 
to a more definite system. 

This undertaking conceived on so grand a scale was never com- 
pleted, but furnished the basis for much subsequent work. He 
further sought to give increased accuracy to these eye estimates 
by means of instrumental methods. 

In accordance with the older idea of magnitudes it has been 
observed that in general a sixth magnitude star gave about the 
hundreth part of the light from a first magnitude star, and hence 
it was suggested that there be adopted a light ratio equal to 
2.512, (°y100 ),that is, an average star of any magnitude should 
be taken as approximately two and a half times as bright as an 
average star one magnitude fainter. 

Thus if the sixth magnitude star be taken as unity in a scale of 
brightness the relations would hold as expressed in the following 
table : 


Magnitude Brightness. 
6 
5 21% 
3 16 
2 40 
1 100 


This is the method most generally adopted at the present time, 
and it is extended in the same ratio to telescopic stars, brightness 
being frequently estimated by the practiced observer to the inter- 
vening tenths of a magnitude. 

Inasmuch as we have no absolute unit of light intensity, we can 
have no absolute scale of magnitudes; but it is possible to com- 
pare the brightness of the stars with some accepted standard and 
thus have a means of reducing observations to comparable val- 
ues, more trustworthy than unaided eye estimates. 
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C. M. Smith. 119 
This is the purpose of the stellar photometer. From among 
the large number of instrumental methods suggested, two have 
been for the most part employed in practice. In one of these the 
light from the star is made to pass through a wedge-shaped piece 
of neutral tinted glass, the position of the wedge when the rays 
are just extinguished being read from a graduated scale, and the 
brightness of the star is measured by the thickness which the rays 
have the power to penetrate before complete extinction occurs. 
By this means the light of the star may be compared with some 
accepted standard, usually Polaris. 

In the other method the light of the star to be investigated is 
compared with that of the standard by altering the brightness, 
either of one or the other, in a definite ratio, in order to make of 
equal brightness the light of the star and that of the standard. 

In the Meridian Photometer of Professor Pickering at Harvard 
College, the light of Polaris is reflected by mirrors into the tele- 
scope, and the equalization of its light with that of the star upon 
which the telescope may be set is effected by polarizing prisms. 

In the photometer of Z6llncr the brightness of a star is com- 
pared with the standard by means of a secondary or artificial 
star, formed by reflecting into the telescope tube the image of a 
small strongly illuminated aperture in a diaphragm, and seen in 
juxtaposition with the image of the real star, while by means of 
polarizing prisms the light may be varied through a considerable 
range, and reduced to the required degree of brightness. 

Contrary to the a priori opinion of the Ancients, modern physi- 
cal astronomy has shown that the apparent brightness of a star 
is not always an indication of its size or distance, hence the ques- 
tion could naturally be raised as to the importance and value of 
photometric work. 

To Sir William Herschel it seemed of importance in so far as 
such measurements made upon the stars and the conclusions de- 
duced from them as to the physical changes of their state, would 
furnish a criterion for similar conclusions as to the permanence of 
the Sun’s state and the changes through which it may be passing, 
since the Sun is only one among the stars. 

An important field for photometric research is also found in the 
study of variable stars, and in the investigation of their periodic 
fluctuations in brightness. 

Further the atmosphere by absorption of the light rays tends 
to diminish the brightness of a star as it approaches the horizon, 
the rays coming through successively thicker layers. 

It becomes then necessary in order to compare the brightness of 
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two stars at different altitudes, to eliminate the effect of atmos- 
pheric absorption by reducing the observed brightness to the 
brightness they would have if at the zenith, where the atmos- 
pheric influence is a minimun. 

The photometer thus gives a method of determining the ab- 
sorption coefficient of the atmosphere, and brings increased uni- 
formity to the observations, as well of a single observer, as to 
those of different observers. 

The photometer recently constructed for the Washburn Ob- 
servatory by Kandler and Gaertner, of Chicago, is of the stand- 
ard Zolluer type, Lhe only esscutially new feature being the sub- 
stitution of an incandescent electric lamp for the artificial itlum- 
ination, in place of the not wholly satisfactory gas and petro- 
leum lamps of the older forms of instrument. 

The uniformity of the source of light was maintained in the 
sarly form of the instrument by the use of a gas of definite chemi- 
-al composition under a definite and constant pressure, burning 
at an orifice of definite size. In the new instrument the electric 
lamp lighted by storage cells of practically constant electro mo- 
tive force furnishes an illumination of admirable constancy. 

The accompanying photograph (Fig. I) shows the photometer 
as attached to the six inch equatorial; it is, however, also 
adapted for use with the fifteen and a half inch telescope, 

Figure II shows the arrangements of the parts. 

At Tis the ring holding the photometer to the telescope; O is 
the observing eyepiece; the tube WW’ carrying the lamp and sys- 
tem of prisms is balanced by a counterweight m. 

At Misa plane unsilvered mirror placed at anangle of 45° with 
the axis of the telescope. The ray of light coming through the 
small aperture a from the source e is, after passing through the 
prisms p', p’, p’, received upon the mirror. Here it is reflected 
from both surfaces, and two images of the artificial star are 
formed in the focal plane of the objective, the image of the real 
star from the objective falling midway between the two images 
of the artificial star. 

The brightness of the artificial star is controlled by the relative 
positions of the nicol p' with the system p’, p’. The prism p! is 
permanently fixed with reference to the mirror, the other prisms 
together with the lamp may be rotated by means of the handles 
hh’, and the angular rotation of p’ relative to p' is read from the 
circle vv’. 

The intensity of the artificial star varies as the square of the co- 
sine of the angle between the principal section of the two nicol 
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C. M. Smith. 121 


prisms, that is the angular rotation from the position of maxi- 
mum brightness; or as the square of the sine of the angular rota- 
tion from the position of minimum brightness; the latter posi- 
tion being easier to determine with accuracy. 

When the circle is set at zero the light of the artificial star is 
wholly quenched. If now the tube be rotated by the arm hh’, the 
light gradually re-appears, the rotation is continued until it is 
made to appear equal in intensity to the light from the real star, 
and the angular rotation 4 from zero is read. 


The telese 


lescope is now pointed toward Polaris or whatever ctar 
may be chosen as the standard for comparison, a similar setting 
made and the angular rotation # noted. 

. sind, 

The ratio sin-#” will then give the brightness of the star whose 
light is to be investigated in terms of that of the comparison 
standard. 

The actual light received on different nights from a given star 
will vary with the atmospheric conditions, but comparisons with 
the same standard willin general agree since the existing condi- 
tions will affect both stars to the same degree. 

Many of the stars have a perfectly well defined color, and es- 
pecially is this true of the components of multiple stars. In order 
to investigate and compare the colors of the stars it becomes 
necessary to provide some means of varying at will the color of 
the artificial star. 

For producing these color changes a thin quartz plate is placed 
at Q. This plate cut at right angles to the optic axis rotates the 
plane of polarization of the light incident upon it; and since ac- 
cording to Biot’s law the amount of rotation increases with 
refrangibility, the light of each wave-length will be turned 
through a different angle. 

Consequently a rotation of the nicol p’ and the quartz plate Q 
relative to the nicol p*, will bring successively light of a different 
color to be analyzed by the prism p’. 

That color only will be quenched for which the plane of polari- 
zation is parallel to the principal section of the analyzing nicol p?. 
For other positions the colors will be more or less transmitted. 

These color changes in the artificial star are regulated by rotat- 
ing the prism p* and the quartz by means of the milled head C, 
and when the desired tint has been obtained prisms p* and p' are 
clamped together by means of the screw L. 

The circle K which shows the amount of rotation of the quartz 
plate, called by Zéllner the color circle, may he calibrated and a 
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curve may be drawn showing a relation between the color of the 
artificial star and the amount of rotation. 

This colorimeter is of value in problems such as investigating 
suspected changes in color of certain stars, which changes can be 
detected only by observations extending over long periods; and 
in determining the color changes in a star at different zenith dis- 


tances thus giving the selective absorption of the atmosphere for 
different colors. 


Owing to the continued cloudiness of the past winter the work 
done with the photometer has been of a tentative character, but 
it is intended to employ it soon in some more extended lines of 
research. ‘ 

WASHBURN OBSERVATORY, 

Madison, Wisconsin. 


THE FLOWER OBSERVATORY.—UNIVERSITY OF PENN- 
SYLVANIA. 


Cc. L. DOOLITTLE. 


For AsTRONOMY. 


Twenty years ago Reese Wall Flower, a somewhat eccentric 
citizen of Delaware county, Pennsylvania, departed this life. 
Upon examining his last will and testament all concerned were 
surprised to find that he had bequeathed his entire property, sup- 
posed to exceed two hundred thousand dollars in value, to the 
University of Pennsylvania, for the erection of an Observatory 
and the endown:ent of a chair of astronomy. What it was that 
induced Mr. Flower to make this bequest is now and apparently 
must ever remain one of the unsolved mysteries. He was never 
particularly interested in astronomy or in any other science, nor 
had he, so far as now appears, any relations with any person 
who would have been likely to influence him in this direction. 

Mr. Flower had never married, but his will was promptly con- 
tested by the legal heirs. After some litigation a compromise 
was reached by which the University accepted a tract of one 
hundred acres of valuable land adjacent to the city of Phila- 
delphia, the heirs taking the remaining property. 

Matters having reached this stage, the trustees adopted what 
appears to have been the best course possible, in simply post- 
puuiig active operations to await a more favorable opportunity. 
There were no funds available for buildings and instruments and 
should it be determined to dispose of the land for this purpose its 
value was likely to increase greatly with the lapse of time. 
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Finally two years ago measures were taken looking toward a 
more active policy. The erection of an Observatory upon the 
Flower farm, to be known as the Flower Observatory, was at 
once begun, funds for the undertaking being furnished from a 
source not made public. 

On May 12th last occurred the exercises which marked the 
practical completion of this undertaking. The ceremony of dedi- 
cation was not elaborate but all present seem to have found the 
occasion a very enjoyable one. In front of the equatorial build- 
ing a platform had been erected for the speakers. The audience 
consisted of about four hundred invited guests who were seated 
on chairs in the oper air. The weather proved all that could be 
desired for the success of the plan except that rain in the morn- 
ing threatened its failure and kept some at home who would 
otherwise have been present. 

Provost C. C. Harrison in a short address introduced the 
speaker of the day, Professor Simon Newcomb. The provost 
gave a brief account of Mr. Flower’s bequest and of the history 
of the present undertaking. He considered it fortunate that ac- 
tion had not been taken twenty vears ago in the matter of erect- 
ing the Observatory as it would then have been placed in a loca- 
tion where owing to the subsequent building up of the city its 
scientific usefulness would now be comparatively small. 

Professor Newcomb gave a very clear and interesting paper on 
“The Problems of Astronomy,” which received the close atten- 
tion of the audience. 

This was followed by a number of short addresses of an in- 
formal character, the speakers being Dr. W. R. Warner, Mr. J. A. 
Brashear, Miss Mary Proctor, Dr. George F. Barker and Mr. C. 
L. Doolittle. It was expected that Proiessor Young would favor 
the audience with a short address, but the threatening weather 
in the morning detained him at home. 

These exercises were followed by a reception at the house of the 
Director, which had been tastefully decorated for the occasion 
with the wild flowers found in profusion in the vicinity. 

The Observatory is located in an agricultural region away 
from the disturbances due to the heavy traffic and electric illum- 
ination of the city; the elevation is high and altogether the loca- 
tion quite as favorable as can be looked for in the immediate 
vicinity of a large city, at the same time it is easily accessible. 
By the recently constructed Newtown Square electric railway it 
may be reached from the University buildings, West Philadelphia, 
in thirty minutes or less. 
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The Observatory buildings are three in number, the equatorial 
building, the meridian house and the Director’s residence, one wing 
of the latter contains the Observatory library, office and com- 
puting rooms. 

All of the instruments are by the well known firm of Warner & 
Swasey, the optical parts being by Brashear. To those who are 
familiar with the character of work which these gentlemen are 
doing, it is hardly necessary to say more as to their general ex- 
cellence. 

The large equatorial of eighteen inches aperture is a heantiful 
piece of workmanship. Itis so nicely balanced and the friction 
is reduced by cylindrical and ball bearings to such a degree that 
little more than a touch is required to move it in any direction. 
It is provided with a spectroscope, one of Mr. Brashear’s master- 
pieces, and is constructed with a view to its future use in pho- 
tography though the correcting lens for the objective has not yet 
been provided. The circles and micrometer threads are illumin- 
ated with incandescent lamps, the current being furnished at 
present by storage batteries. 

This instrument has been in use since November, ’'96, mainly in 
the measurement of double stars. 

In the meridian house are mounted a zenith telescope and small 
meridian circle, each of four inches aperture, and a three-inch 
universal instrument. This latter is designed mainly for the use 
of students, and can be employed as a transit, zenith telescope or 
azimuth instrument. This building also contains a self-winding 
sidereal clock and a chronograph. 

The meridian circle was finished and mounted only a few days 
before the dedication. At present it will be employed for time 
determination, for the occasional observation of comparison 
stars and for the instruction of students. 

The zenith telescope, to the construction of which Messrs. 
Warner & Swasey have given some of their best efforts, embod- 
ies at least one feature not commonly found in such instruments, 
viz, the provision of a double pair of collimators for testing the 
adjustment in azimuth and collimation. Every one who has had 
much experience with this type of instrument will appreciate the 
convenience of this arrangement, without it the adjustment of 
the collimationis particularly troublesome owing to the eccentric 
mounting of the telescope. 

After a few evenings spent in experimenting and adjusting, lati- 
tude observations were seriously begun on Oct. 1st, 1896. Up 
to the present time about twelve hundred determinations have 
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been made and it is expected that this will form a regular feature 
of the work carried on here for some time to come. 

As will be seen the plans for the immediate future are in the 
direction of what has become to be known as the older astron- 
omy, though we have in view future incursions into the field of 
the new astronomy. According to present plans the work in this 
direction will take the form of investigation of the motion of 
stars in the line of sight, parallax and other problems of precision. 

An important part of our work is the instruction of students 
in astronomy. The University of Pennsylvania offers facilities 
which it seems should prove attractive to young men and women 
wishing to make a special study of astronomy and it is hoped 
that in course of time a considerable number may avail them- 
selves of these opportunities. 


THE ORBIT OF 35 COME BERNICES (* 1687), AND O* 4. 


Ss. W. BURNHAM 
For PoPpuLAR ASTRONOMY 

The close double star OX 4 is one of the discoveries of Otto 
Struve at Poulkowa. The components are of nearly equal mag- 
nitude, 7.5 and 7.8 according to Dembowski, and the motion 
slow in a retrograde direction. The entire change in the fifty 
years covered by the measures is about 90°. One orbit has been 
computed for this pair by Glasenapp, using the measures down 
to 1887, who finds a period of 135.2 years. (Orbites des Etoiles 
Doubles du Catalogue de Poulkowa, St. Petersburg, 1889). I 
have given on the accompaning diagram all the complete meas- 
ures used in this investigation, and two more recent positions 
found by Comstock with the Madison refractor in 1893 and 
1895. Inall the positions shown by white circles the distances 
are not measured but estimated. 

The first Herschel observed 35 Comz as a wide pair in 1783, 
but the duplicity of the principal star was discoved by Struve 
with the Dorpat refractor. There has been no sensible change in 
the position of the distant star in the last hundred years. The 
close pair appears to be ir orbital motion, with an average 
direct movement in angle of about three-fourths of a degree per 
year. From the measures commencing with 1829 and ending 
with 1891, Gore has computed an orbit of this pair, and found a 
provisional period of 228.42 years. (Proc. R. I. Acad. II). 
On the diagram I have given all the measures used by the com- 


= 
f 
| 
} 
| 
! 
ae 
ag 
: 


126 My First Lesson in Navigation. 


puter. While there is very little doubt of these stars forming a 
binarv system, it will be seen that the measures as a whole are 
very discordant, and prove nothing beyond the fact of slow 
angular motion. 

It is evident with respect to both of these stars that it will be 
necessary to wait a very long time, probably at least another 
century or two in the case of = 1687, before the angular motion 
will be sufficient for the determination of even approximate 
periods. 


MY FIRST LESSONS IN NAVIGATION. 


THOS. LINDSAY. 


FoR POPULAR ASTRONOMY. 


My very first was learned down off Cape Horn; on that part 
of the ocean where one becomes impressed with utter loneliness— 
possibly terror—and certainly, if it is winter time, with the ex- 
treme disagreeableness of the situation. It was winter on this 
occasion, the beginning of August, and one had enough to do to 
keep warm and dry and practice jumping into the rigging as the 
big seas swept aboard. There was nothing in the surroundings 
particularly conducive to study and for the three months since 
leaving New York I had waited in vain for tokens of 

‘Th’ exulting sense, the pulse’s maddening play 

That thrills the wanderer of that trackless way.” 
: (Life on a merchant ship was of course slightly more prosaic 
than aboard a pirate). And so it did not particularly interest 
me why the Sun was so low in the heavens, traversing a little arc 
in the north, slipping out of sight so early in the day, and !eav- 
ing us to speculate on how much rest we would have during the 
night. For down there, at that season, you are right in the 
teeth of south- westerly gales, coming from heaven knows where, 
freezing the ropes in the blocks, and transforming the sails into 
sheets of ice. No, I was not interested as to why the Sun was 
low, I could look into that matter another time, when it got 
warmer, just now there was enough to do to face the conse- 
quences. 

But one day, just after noon, the old second mate saluted me 
with the startling query, ‘‘ Do you know how to work latitood,”’ 
followed by, ‘‘come here and I’ll show you.” Of course it was 
no part of my duty to work any of the “ toods;” I gave eminent 
satisfaction when I took care to be handy in helping the cook to 
haul aft the fore-sheet, (the royals had been out of sight for 


7 


Thos. Lindsay. °127 


weeks). But learning to work ‘‘latitood”’ meant half an hour in 
the carpenter’s shop, a snug little place, and there on the bench, 
with a piece of chalk, I was given my first lesson in navigation, 
something like this: ‘‘ Pat down 16° 17’, that’s the Sun’s declina- 
tion, that’s north; now put down 71° 15’, that’s the zenith dis- 
tance, that’s south of the Sun; (I guess it was, you could smell 
the icebergs in the air); subtract one from the other, what have 
you got, mind you carry 60; 54° 58’? That’s right, that’s the 
latitood, today at noon we are not far now from the Cape; you 
mark it south, same as the greater of the other two.”’ And that 
was the old sailor’s method of teaching this important problem. 

But it was not so long since I had been at school and the habit 
of seeking to prove things where figures were concerned, had al- 
ready been formed, so that it was not enough to show me how 
to perform a very simple piece of arithmetical work ; I must 
know the why and the wherefore. ‘‘ Well, this here’s the horizon 
(an old sailor will always accent the first syllable); here’s a half 
circle, that’s the meridian; there’s the Sun and there’s the zen- 
ith.” ‘Yes sir, and where’s the equator?" ‘“ That, my boy, is 
just what you want to know; the book saysit was 16° 17’ south 
of the Sun today at noon, so we'll mark it in there, vou see the 
thing now, don’t you?” Of course I did, ana of course any one 
will who draws the figure or pictures the sphere in the mind. The 
“latitood”’ was the arc between the zenith and equator, 

Now we need not possess very great astronomical knowledge 
to be able to ‘** work latitood;”’ but if we thoroughly understand 
all the technical words which must be used to explain even that, 
and if we can call up to the mental vision the sphere with which 
we are dealing we have a goundwork for all the interesting pro- 
blems of nautical astronomy. We may not be able to solve every 
question presented to us, but we can see how they are to be 
solved ; we can separate the easy ones from the hard ones and we 
will not class among the latter any problem which requires 
merely an elementary knowledge of mathematics. The term 
‘“‘mathematical astronomy” is a high sounding one; much that 
is classed under that head is merely common algebra and Euclid’s 
elements applied. I would be for limiting the use of the truly 
dignified term, and for my own part would be obliged to confess, 
though with regret, that I had no acquaintance with the subject. 

The old second mate did not take me any farther than his illus- 
tration on the carpenttr’s bench; but it was pretty clearly im- 
pressed upon me that an arc of latitude was an arc of a great 
circle in the heavens, and that so far as these arcs were concerned 
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it did not matter whether they were traced on the star sphere or 
on a wooden globe. 

The next time I tackled a navigation problem (for | was not so 
fond of the work as to keep right on studying) was on board the 
ill fated steamship ‘ Virginius.’”’ I had the honor, if honor it 
was, to be quartermaster, though still a boy, on that craft, and 
this lesson was learned after I had left the wheel on the night pre- 
ceding the day when the Spaniards made the capture that . 
crushed the rebellion of ’73. Captain Fry had asked the first 
mate, a Mr. Barnard, if he was sure of his bearings, and sug- 
gested that he make an observation of a star on the meridian. 
It was lovely weather, calm sea, clear horizon and a star would 
give under such circumstances the very best results. He asked 
him incidentally if he could determine the latitude by the Pole 
star and Barnard answered him that he was not quite familiar 
with that method. To an old sailor who had been on the quar- 
terdeck himself—though down on his luck then—I mentioned this 
matter and was given a clear insight into the problem. Asa 
matter of fact the Pole star was too low in the horizon to be as 
good an object as other brighter stars higher in the heavens. 
But at any rate the old sailor showed me how the star sweeps 
round a little circle, how the center is the pole and would give the 
latitude at once if it could be fixed, and how, failing that of 
course, we have a little problem in geometry to determine the 
center from the position of a point on the circumference. I never 
think of problems connected with the Pole star without recalling 
the old sailor (1 cannot remember his name) who subsequently 
was one of those executed by the Spaniards. 

But latitude problems, though affording considerable pleasure 
did not give the extreme delight which the ‘*time’’ question did. 
How to get the time at sea, how the observations with the sex- 
tant were applied, it was poor Jack Evans who made that clear. 
Jack was another old salt in hard luck; he had lost his master’s 
certificate through his drinking habits but was determined to get 
it back if possible and as it was necessary to show what they 
‘sober references’? when applying for re-installment, he made 
a point of appealing to every captain he sailed with for the nec- 
essary document. Unfortunately poor Jack never thought of 
asking for a ‘sober reference’’ until he was half-seas over. The 
last I saw of him he was boatswain of a great English clipper 
lying in Cardiff, and ‘‘he was bound to get his certificate this 
time.”’ It was Jack then who made the “ astronomical triangle”’ 
so plain that a blind man could feel it. ‘‘ You see the pole, or at 
least you can easily imagine you do, it is up there;” yes;’’ 
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you see right overhead ;”’ ‘‘oh yes, that is simple enough ;”’ “ well, 
now look at that star over there, can you make out a triangle in 
the heavens?’ ‘Well I guess I can Jack,is that all?’ ‘Not 
quite; you know the Earth moves but never mind that, suppose 
the arcs of the triangle move and that one from Pole to star 
comes nearer and nearer to the meridian making an angle less 
and less and until it vanishes.”’ ‘* Yes,I can follow that.’’ ‘ Well 
all you have to do is to measure that angle, and your book will 
show you how to do that.’’ The problem was clear. 

“‘It was on board the good ship Eliza Everett, of Yarmouth, 
N.S., bound out to Philadelphla, and a little later we lay in the 
Deleware River gazing at the great comet of 1874.”’ 

Now every one is not sufficiently interested in practical astron- 
omy to follow out in detail all the variations of the time 
problem, but I think we should all know in a geueral way how 
these questions are to be worked; we should not regard as mys- 
terious the connection between the clock and the stars. There is, 
indeed, a lot of work to be gone over if one would learn all the 
theorems involved in the astronomical triangle but they are all 
deductions from a few elementary formulz and they do not carry 
us into the region of the higher branches of analysis. They do 
require however, that the student be able to mentally picture the 
star sphere and the circles drawn upon it. For my own part I 
remember most vividly the hour when it was made clear to me 
that a diagram on paper would represent great circles in the 
heavens and in the same way as we would work out a problem 
in school from an illustration on the blackboard, we would ar- 
rive at important truths in practical astronomy. And 1 believe 
that no one will take up the subject without feeling something of 
the fascination. The more difficult the problems are the more 
fascinating they become, the longer we look at them the more we 
admire them and eventually, like some of Dr. M.’s they become 
things of beauty, and 1 am sure to poor Jack Evans and his like, 
they would have been—joys forever! 

ToroNTO, May 17, '97. 


SOLAR ECLIPSES. (Continued). 


J. MORRISON, M A., M.D, Ph. D 
For POPULAR ASTRONOMY. 
To DETERMINE FORMULA FOR FINDING THE NORTHERN AND 
SOUTHERN LIMITS OF THE ECLIPSE. 


The intersection of the penumbral cone with the surface of the 
Earth assumes the form of a complete or partial oval, (see Fig. 5), 
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according as the cone falls wholly or partially on the Earth’s 
illuminated disk, that is according as there is interior or exterior 
contacts. See Figs. 2,3 and 4.* 

Suppose now that the outline of the shadow assumes consecu- 
tive positions, corresponding to very small intervals of time, the 
Earth also turning on its axis, we shall then have a series of 
these ovals, and it is evident that the extreme geographical lim- 
its of the eclipse will be the curve which envelopes these ovals, 
also that at each instant the place of limit by reason of the two 
motions will be proceeding relatively in the direction of a tan- 
gent to the oval. 

There will evidently be two such limiting curves—a northern 
and southern—when interior contact takes place or when the 
oval becomes entire during the eclipse but only one when it over- 
laps the Earth’s disk, or in other words, if the curves of rising 
and setting do not extend throughout the entire eclipse, there 
will be both a northern and a southern limit, but when they con- 
tinue throughout the entire eclipse there will be only one of these 
limits, a southern when the rising and setting curves extend 
through the whole eclipse in north latitude and vice versA. The 
extreme points of these curves will have the Sun in the horizon 
and therefore 2, = 0, and it is also evident that these points are 
the first and last points of the curve of maximum eclipse in the 
horizon (Fig. 5) and consequently the limiting times are the same 
as for that curve. 

For any point on the northern or southern limiting curve, sim- 
ple contact is the maximum of the eclipse for that place and ac- 
cordingly we must have P’ = 0 (see page 35) and therefore we 
also have by (102) 


a’ +esin (O— E) =f sin (OQ — F) (111) 


Heice for any given date T for which the phase is possible, we 
must find that point on the outline of the shadow for which the 
value of Q and its corresponding ‘, satisfy this equation which 
contains two unknown quantities. 

It can therefore be solved only by indirect processes or by suc- 
cessive approximations and for this reason the computation of 
this curve is usually regarded as the most difficult, complex and 
unmanageable of all the circumstances connected with the gen- 
eral eclipse. Fortunately however, a precise determination of 
these curves is of very little importance, since no valuable obser- 
vations can be made on them. For all practical purposes then, 
an approximate determination is all that is necessary, and indeed 

* See March number, pages 508 and 509, and May number, page 33. 
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this is all that is aimed at in the charts of eclipses in all Nautical 
Almanacs, for if we calculate the eclipse for any point on the 
northern or southern limiting curve as laid down in the Alman- 
acs, we shall almost always find it either within or without the 
curve. 

To solve (111) even approximately we must first arrive at an 
approximate value of Q or at least determine the limits between 
which Q must be assumed. Neglecting both a’ and Fin (111) 
since they are always very small we have approximately 

e sin (Q— E) = sin Q (112) 
in which e, Eand fare known from the eclipse tables for any 
date. We still have two unknown quantities, viz, 0 and £; the 
extreme values of the latter are 0 and 1. 


The first gives sin (Q— E) =0 
or Q=Eand Q=E + 180' (113) 


and the second gives 
esin (Q— E) =f sin Q 
whence we easily get 


tan (O — 5 tan 5 E 
= tan V, suppose (114) 
then we have 
+180 (115) 


Hence 0 must be assumed between 


E and E+ V 


or between 


E+180 and 4 E+ V +180 


It may be observed, however, that great precision in the angle 
Q is not necessary, for let AB, Fig. 5,* be the limiting curve which 
is tangent at Pto the outline of the shadow DEFPHK whose 
axis or centre is at C, then if QO be in error by the angle PCP, or 
PCP,, the point determined will be either P, or P, instead of P. 
Now, although this error may be several minutes or even degrees 
the erroneous point P, or P, will never be far removed from the 
true curve. Accordingly (112) may without any appreciable 
error be written thus: 


esin (Q — E) =£,fsin 


* Engraver’s errors throw out the plate this month. It will appear next time. 
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in which we may put ©, = cos f (see page 506*) # being found 
from (80) with the first assumed value of Q, x, y,] and p, being 
all known for any date from the eclipse tables, we shall then 
have 

sin(Q—E) _ feos # 


sin e 
whence 
tan (VJ — 5 E) = tan (45° + V’) tan i (116) 
where tan J = 


We may, if necessary, use this value of (Q in (80) to determine 
a more accurate value of cos # and then repeat the computation 
of (116); but this will in general hardly ever be necessary. When 
a tolerably correct value of Q has thus been found, we can pro- 
ceed to compute the latitude and longitude of the point by (80) 
(81) (83) (85) and (86). 

In the computation of a series of points D, E, F, H, ete., on 
the outline of the shadow DPK for any given date we may of 
course determine the point P by the formula 8O—86 for this par- 
ticular date and it will serve as a check or guide in the determin- 
ation of preceding or subsequent points. 

The limiting dates between which the curve APB in Fig. 5 
exists,can be determined as follows, assuming that the curves of 
rising and setting and maximum in the horizon have not already 
been computed. 

Since the curves begin and end with the Sun in the horizon we 


have O = Eor 0= E+ 180° and at the required time we have 


(377) 
and 


If we put § = sin y this last condition gives 7) = cos y we also 
have 

sin E = and cos E = 
by (101) in which we may regard e as constant. 

Let T be the required time and let T= 7, + 7, where T, is the 
epoch of the eclipse tables, and if b’,, ec’, be the values of b’ and c’ 
for the date T, and }, and c, their hourly changes. we shall have 
for the time T 

b’ = b’, + bir and c’ = + at 
and if E, be the value of E for the date T, we shall also have ap- 
proximately 


Vou ty. 
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sin E = sin E, + tand cos E=cos £,+ —T 
e e 
We also have with the usual notation 
With these transformations (117) becomes on, 
sin y = x, + /sin E, + (x b,) T 
e 
,_ 
Put msin M= x, + /sin E, 
mcosM=y, + /lcosE 
and n sin N = x’ —— b, (118) | ; 
e 
, 
ncosN = y’=-¢, 


the upper sign for the southern and the lower for the northern 
limit, then we have 


siny—msinM+nsinN.r 
cosy = mcosM-+ ncosN.r 


whence we easily find 
sin (v — N) = msin (M— N) 
cos(vy — N) = mcos(M—N) + nr 
Put y— N= and we have 
sin = m sin (WJ — N) 


and 7 = T, +t 

In this equation cos /; is to he taken with the negative sign for 
the first point, A and with the positive sign for the last point, B 
of the curve. For the latitude and longitude of the extreme 
points A and B, we take y = N+ +, tan y’=p, tan y and employ 
(92). 

In computing a series of points on the northern and southern 
limits, it will be found convenient to form a table of the extreme 
values of Q at intervals of an hour between the extreme dates: 
we may then assume QO equal to the arithmetical mean of these 
values and proceed to approximate to the true value by (80) and 
(116). After three or four consecutive points have been deter- 
mined we may be able to anticipate the next approximate value 
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of Q and then correct it by (116) if necessary. When a sufficient 
number of points have been established a curve drawn through 
them will be the limiting curve required. 


CURVE OF CENTRAL ECLIPSE. 


This curve is the path described by the axis of the shadow as it 
passes across the Earth’s disk. The problem is only a particular 
case of the one just solved, the shadow being reduced to a point 
and therefore we must have /— iz=0, and the fundamental 
equation (68) gives 

x=Gandy=y». 
But by (78) 
J 
and we also have 
cos 


which can be computed from (80) with sufficient accuracy for our 
present purpose. Substituting in (79) we have after first putting 


ccosC = cos 


cos yi sin #= x (120) 
cos y, =ccos (C+ d,) 
sin 9, =cesin (C + d,) 
tan 
and tan p— - = and A = 44, — 0 


which determine for any given time T a point on the curve, 
x, V,,d,, “4, and / being taken from the eclipse tables for the given 
date. 

As we are now dealing with the umbra only, the value of / is 
the radius of that cone. In the American Ephemeris this radius 
is denoted by /’, but we prefer to use / bearing always in mind 
that in all problems relating to the line of central eclipse the 
umbra only is considered. The angle 2 is already known from 
(116). 

The extreme dates between which the solution of (120) is pos- 
sible or the times of beginning and ending of the central eclipse 
on the Earth generally, are found as follows: 

When the central eclipse begins or ends the axis of the shadow 
is tangent to the Earth’s surface and the point Z will be in the 
horizon and also £, = 0; therefore the last of (78) gives 


9 


&4 (121) 


1 


J. Morrison. 


as the condition which must be fulfilled. 
Since [| = 0 = cos #, therefore sin 6 = 1 and (79) becomes 
cos sin’ =x 
cos cos 4 =— sind 
Vv 
sin @ cosd) 
tan 
Vl—e 


and also tan @ and A 
which determine the latitude and longitude of the place where 
the central eclipse is first and last seen. 
] 
In (SO) we neglect the terms / sin O and cos QO since / (the 


radius of the umbra) is always a small quantity we shall then 


have, since sin 1, sin y= xand cos y which is in ac- 


cord with (121). 

If now we denote the time of beginning or ending by 
T=T, + 7, T, being as before the epoch of the eclipse tables 
which is generally taken to be the nearest whole hour to the 
time of conjunction and if x, and yv, be the values of x and - for 

i 
the date T. and x’ and y’ their hourly variations we shall have 
sin y= x 
cos y == 
Put as before 
msin \J = x, nsin N= 
mcos AJ = y, ncosN= 
and we have 
sin y—msin M+ nsinN.r 
cos y= mcos M+ ncosN.- 
when we easily obtain in the usual manner 


sin (vy — N) = msin (M— N) 
cos(y— N) = mcos(M—N)+ ar 
and putting 
i = vy — N, the solution becomes 
sin 7 = m sin (J — N) 
cos% mcos(M—N) 
n n 


t= (123) 
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where cos 7 is to be negative for beginning and positive for the 
end. 
CENTRAL ECLIPSE AT Noon, 


During the course of the umbra across the Earth some place 
must have the eclipse centra! at apparent noon, In this case we 
evidently have x = 0, and neglecting the small terms / sin Q 

and — cos Vin (80) squaring and adding and putting x = 0, we 
get 
> V 
sin (124) 
by which # may be found from that valueof y which corresponds 
to the date when x=—0. We then have from (120) tan C= tan f 
ort =F. ¢= 1 aud ¢ = 0 since x 


therefore tan gy, = tan (6 + 

or Q-—B+ 
tan a, 

and tan andA=u (125) 
‘1 —e, 


where of course di and /4 are taken for the time when x = 0. 
DURATION OF TOTAL OR ANNULAR ECLIPSE AT ANY POINT ON THE 
CURVE OF CENTRAL ECLIPSE. 

Let T denote the time of central eclipse and 2t the duration, 
then T+ tis the time of beginning or end, then from the funda- 
mental equation (68) we have with the usual notation 

(1— 12) cos O= y’t—(yn+7't) 

Je here have x = &, and we may.use 4; = cos as de- 

We here have y=vand we maya 3 1 
termined by (SO) the terms /sin QO and cos 0 being neglected, 
0, 

so that we now have 

(1—icos sin O=+ (x’— &’)t 

(1—1cos f) cos0 = + (v’— (126) 
The values of &’ and 7’ are found on page 31, and are 

5 


=— wysind+ cos cos d 
and = "px sin d 


and from (99) we have 

—pysind-- wilcos d* 

y + w’xsind 


*Errata:—In (99) for the value of b’ write — y’ for v, and for that of c’, write 
x’ for x. Also in the preceding equation in the coefficient of cos O write — y’ for y 
and in the next term write x’ tor x. 
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Therefore we have 


x’ — &’ = c’ — w’ cos Bcosd 
and =—D 
omitting the term — wil cos d since both jand / (radius of um- 


bra) are very small. 


For brevity put ]— icos 6 = L, then (126) becomes 


and L cos O = pe 
whence tan 0 
b 
Leos L sino 
and t ort ; (127) 
b - Ht COS COS d 


It may be remarked here that the value of c’ from (99) is to be 
computed for the umbra. 

In (127) t is expressed in hours, if we multiply by 3600 the 
number of seconds in an hour we shall have t in seconds of time, 


thus 


COS 


In these formule cos f/ is to be taken for the time Tin comput- 


ing the central curve and all the other quantities viz, / (radius of 


umbra) 1, d, b’ and c’ from the eclipse tables already computed. 


NORTHERN AND SOUTHERN Limits OF A ToraL OR ANNULAR 
ECLIPSE. 

These limits can be determined with great exactness by the 
formule just derived for the limits of the penumbra taking care 
to put J equal to the radius of the umbra, and since the north- 
ern and southern curves of a total or annular eclipse lie near 
the central curve, we can always take 7; = cos # for any date T 
already found in computing the latter curve, and the value of 2 
can be found at once from (116) where the quantities e, E and f 
are to be taken from the eclipse tables for the time T. 

Sometimes it happens that an eclipse may be annular near the 
beginning and ending and total during the middle of the eclipse; 
in such cases we must bear in mind that the northern limit of the 
annular eclipse becomes the southern in the total eclipse and vice 
versa. The curve of total or annular eclipse like the northern 
and southern limits of the penumbral cone will- of course begin 
and end on the curve of maximum eclipse in the horizon. 


PREDICTION OF A SOLAR ECLIPSE FOR A GIVEN PLACE. 


This is performed by successive approximations. If we havea 
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chart of the eclipse such as is given in the American Ephemeris, 
we can easily obtain from it an approximate time of the begin- 
ning and ending at any place within the limits of visibility, and 
then compute a correction 7 (to be explained presently) to these 
approximate times and repeat the computation as often as 
necessary. But if we have no such chart we must assume a time 
T such that T= 7, + 7 where T, is the epoch of the eclipse tables 
(any arbitrary date near conjunction, usually the nearest whole 
hour to that time) and 7 a correction to this epoch. 

Take x,, y,, x’, ¥’, d, /and i, or log i, from the eclipse tables for 


the date T, then we shall have for the time 7, 
x=x,+ x’tandy—y,+ y’t 
The co6rdinates &, and 1, of the place of observation at the 
time 7, are found by (60) or the first three of (69) and their 
hourly variations &’, 7 and 2’ are found by differentiating (60) 
which is done on page 31, May ‘97 and are found to be 


1) sin d—d’: 


where “’ and d’ are the hourly change of « and d multiplied by 
sin 1” (see page 31) but fora first approximation we may omit 
d’z. Then for the date T we shall have 


And if we put for brevity L = /— iz and neglect its variation in 
the first approximation, the fundamental equation (68) becomes 


i. sm = x & +(x’ —&’)r 
Leos? =y,—%, + (y’—17’)T (128) 
Put msin M=x — 6é,, nsin N= x’ — 
mcos M= y, — »,, ncos N= 
then LsinQ=msin M+ nsinN.7 
Lcos2@ = mcosM+ncosN.t 


whence we get as befcre 
L sin (Q — N) = msin (AJ— N) 


N) = mcos(M—WN)+ nt 


and if = O—N 
then m sin —N) 
and r= L cos __ mcos (M—N) 

ia n n 
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The first of these gives two values of + which must be taken 
so that cos > may have both the negative and positive sign, the 
former being used for the beginning and the latter for the ending 
of the eclipse at the given place. The first approximation just 
explained may begreatly in error—ten, fifteen or twenty minutes 


or even more. For the 2d approximation, take the computed 
times just found or two times nearly equal to them and repeat 
the computation for each separately. The second approximation 
will generally be correct within a few seconds and sufficient for 
all purposes—a perfect prediction not being attainable in the 
present state of the solar and lunar tables 
From (129) we have 


which is the angular distance of the point of contact measured 
trom the north point of the Sun's limb towards the east. (See 


page 503, March '97). 


CONDITION OF VISIBILITY OF INTRA-MERCURIAN PLAN- 


ETS.--CAN SUCH BODIES BE PHOTOGRAPHED? 


For Porvuna ASTRONE 

The periodic times corresponding to the mean distances of the 
celestial bodies atoresaid, are respectively, $6.29, 15.89 and 6.95 
days, hoth distances and periods being thus somewhat greater 
than those set forth in my paper published in the February num- 
ber of PopuLark AstRONOMY (in which, by the way, I note a ty po- 
graphical or clerical error in the statement of the largest mean 
distance, which should have been 29 77 instead of 20.71) but the 
values given them were not intended to be defiaitive being only 
rough approximations, The values of the diameters of the two 
inner planetary bodies given above are considerably greater than 
those in the paper aforesaid, but the latter values have been de- 
rived from more definite data, and, I think, are more nearly the 
true ones, 

At the distances of these bodies from the Earth during the 
total phase of the solar eclipse on July 29, 1878, the true, angu- 
lar diameters were and respectively ; but the sur- 
faces of these bodies being heated considerably above the point 
of luminosity their diameters must be apparently, enlarged by 


* Continued from page 96. 
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“irradiation” and from an examination of the effect of ‘ irradia- 
diation’’ upon the incandescent filament of an electric lamp, I 
have found that the apparent augmentation of the diameter 
must be fully three times, and therefore, that the three planetary 
bodies aforesiad, must have presented spurious discs having ap- 
parent diameters of 3”.9, 3.6 and 3”.0 respectively. 

Now, Professor Swift, as is well known, reported that the pe- 
culiar celestial objects seen by him were alike, red, and that they 
presented discs about equal to that of the planet Uranus whereof 
the mean angular diameter is approximately 3”.9 or alaiost the 
same as the apparent diameters of the first and second of the 
true hypothetical planetary bodies above mentioned, therefore 
the first and second bodies aforesaid answer well, the descriptions 
of the two celestial objects observed by Swift. Furthermore, one 
of Professor Watson's positive statements in this connection 
was that the celestial object observed by him, near Theta Cancri 
appeared to have a dise ‘‘ decidedly greater than the spurious 
dise of a star’’—a description which, I think, coincides with that 
of the third hypothetical body aforesaid and that it wes “ in- 
tensely ruddy” and also somewhat brighter than the object seen 
by Swift—which facts indicate that the object observed by Wat- 
son was nearer to the Sun than those observed by Switt. 

The positions of each of these planetary bodies at the time of 
observation was in that part of its orbit between the point of 
“superior conjunction,” and that of the greatest western elon- 
gation,’’—the first body being at nearly one-third, and the other 
two at about one-half, of the distance between the two.points, 
and all, therefore, well within the comparatively narrow limits 
between which according to my hypothesis stated on a preceding 
page—such bodies can be distinctly seen—they must be toward 
‘superior conjunction,’ and vet at a considerable distance from 
the centre of the solar globe, before they are in position to dis- 
tinctly impress themselves upon the organs of vision; they must 
be in the superior part of their orbits and in this connection it is 
worthy to note that Professor Watson remarked that the celes- 
tial object seen by him near Theta Cancri, seemed to be beyond 
the Sun. Consideration of all the facts stated above leads me 
directly to the conclusion that the two celestial objects observed 
by Swift were two intra-mercurial planetoids corresponding to the 
hypothetical bodies at mean distances 0.2145 and 0.1237 and 
that Watson’s object near Theta Cancri was a like planetoid at 
mean distance 0.0713. 

It should be noted that in this determination, based upon the 
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perturbative effect of intra-mercurial planets upon the perihelion 
of Mercury, only three of such hypothetical bodies have been 
considered, whereas in my paper on this subject in the February 


number of Poputar Astronomy I suggested the probability of 


the existence of four of them, and also made therein a different 
assignment of them to the two observers aforesaid; but the 
results given above are to be regarded as the more probable be- 
cause they are based upon more definite and extended data. 

Professor Watson was very positive that he had observed one 
such intra-mercurial body near Theta Canecri, while Swift was 
equally positive that he liimself had seen two others, in a difter- 
ent location; the peculiar ruddy color and apparent discs of the 
celestial objects so observed indicate quite clearly, I think, that 
there are at /east three intra-mercurial planets. 

As to the object seen by Watson near Zeta Cancri it must be 
admitted that there is much uncertainty and that it may have 
been—as long ago suggested—the star Zeta Cancri itself. 

Considerations based upon the perturbative action of these 
bodies upon Mercury lead me to conclude that the planes of their 
orbits are quite coincident with that of the orbit of the planet 
aforesaid, their inclination to the ecliptic being probably a couple 
of degrees greater than that of the orbit of Mercury. 

The law of the series of planetary development from the primi- 
tive, condensing, gaseous nebula which I have found and through 
which I have derived the mean distances of the bodies aforesaid, 
indicates that between the mean distance 0.0713 and the present 
surface of the Sun there are four more possible orbits in which 
planets may move; but it is probable that if such intra-mercurial 
bodies do exist their dimensions are much less than those of the 
smallest of the three above described, and it is even probable that 
the great intensity of the solar radiation in the immediate 
vicinity of the Sun may have prevented the agglomeration of the 
solar matter there detached into planetary bodies, and caused it 
to be diffused in space. 

The law aforesaid is not an empirical one, as is Bode’s so-called 
“law,” but has been derived from a definite relation existing be- 
tween the rate of generation of heat in the condensing gaseous 
mass and the rate of thermal radiation from the surface of said 
mass, and it simply asserts that at certain mean distances from 
the centre of the condensing, gaseous nebula, which is now the 
Sun matter has beea detache 1, but it does not follow that mat- 
ter so detached must always condense into planetary bodies; it 
may exist in a diffused state. But for all mean distances from 
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that of the orbit of Neptune to that of the orbit of Mercury, in- 
clusive, this law is found to hold good and planetary bodies of 
sensible dimensions are known to exist at all the mean distances 
aforesaid between the orbit of Mercury and the present surface 
of the Sun (with the possible exceptions very near the solar 
surface, above indicated) and one that is sufficiently well war- 
ranted. 

If this law be true—as it seems to be—its operation must lead 
to results of the utmost importance to the Earth and its inhabi- 
tants as will now be demonstrated. 

The matter of the Sun is yet in process of condensation and an 
application of the law aforesaid shows that the next mean dis- 
tance at which matter should be detached from the surface of the 
solar globe (particularly in the equatorial regions thereof where 
centrifugal force due to the rotation is greatest) is 432,334 miles 
while if the solar parallax be 8’.798 the radius of the Sun is 
432,360 miles, or only 26 miles greater than the mean distance 


just mentioned; but as the probable error of this determination 


of the radius of the solar globe is much greater than 26 miles, 
it follows that the Sun at the present time, is at that point in its 
process of condensation when matter must be detached from its 
surface. According to my computation the last detachment of 
solar matter through the process aforesaid occurred when the 
radius of the Sun was 230,000 miles greater than it is at present, 
so that at the rate of condensation which I have determined, the 
time of occurrence must have been twenty-three millions of years 
ago, which epoch was simultaneous with the end of the Palzo- 
zoic or Primary, geological age just subsequent to the end of the 
great Carboniferous Period, according to a determination based 
upon the prineiples of my hypothesis, concerning the develop- 
ment of the Earth from matter detached from the primitive 
gaseous solar nebula, and the subsequent cooling of the terres- 
trial surface by radiation therefrom. 

Geology has shown that about the end of the Primary age 
great disturbances must have taken place upon the Earth’s sur- 
face and this fact is, I think, most significant in this connection, 
because it is obvious that the aforesaid process of detachment of 
matter from the surface of the Sun, must be accompanied by 
great disturbance of the solar photosphere (according to my 
hypothesis the ‘“‘sunspots”’ are indicia of the beginning of the 
process of detachment; they shew the tendency of the superficial 
matter of the Sun—particularly that near the solar equator—to 
break away from the surface of the solar globe) and in conse- 
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quence of the tremendous agitation thus set up in the surface 
matter of the Sun, correspondingly great disturbances must oc- 
cur upon the Earth, and particularly in the terrestrial atmo- 
sphere and in the great bodies of water upon the surface of our 
globe. 

The nature of these terrestrial disturbances and the mode of 
their derivation from those generated in the surface matter of the 
Sun, I have, I think, clearly indicated in my treatise on the con- 
stitution and function of gases, an extract wherefrom—bearing 
directly upon the subject here discussed—was published in Popu- 
LAR AstTRONOMY, November, 1896. 

The results of my investigation on this subject indicate that 
the Earth is closely approaching a critical epoch in its career; 
yet the day, or the hour, of visitation ‘‘no man knoweth,” but 
these results have convinced me that it is imminent. Look to the 
Sun! 

St. PauL, Minnesota, February, 1897. 


THE EFFECT OF REFRACTION ON THE MEASURES OF 
DOUBLE STARS. 


ERIC 


DOOLITTLE. 


For POPULAR ASTRONOMY. 


It is probable that but few observers of double stars pay at- 
tention to the effect of refraction, but plan rather to eliminate it 
by making the observations when the star is at a high altitude 
or near the meridian. In the case of stars of low declination, 
however, as well as of those few which are near the pole, the re- 
fraction may become large and it frequently happens that an 
observer cannot be sure whether a correction on this account is 
necessary or not until he has applied the somewhat involved 
formule which give the amount of the correction. 

The tables here given are designed to lessen this work or to 
render it wholly unnecessary. Since they contain for any ob- 
served star the greatest and least values of the refraction in angle 
and distance with the corresponding position angles, they will 
serve to indicate when the refraction is inappreciable, but they 
will not, except in special cases, be of use to accurately determine 
the refraction. 

The computation has been made according to the method first 
published by Bessel.* In this investigation, the case is first con- 


* Einfluss der Strahlenbrechung auf Mikrometerbeobachtungen. Astronom- 
ische Untersuchungen. Band | pp. 153-201. This article is also contained in 
Chauvenet Vol. II. 
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sidered of two stars in which the position angle is measured from 
a vertical circle. The ordinary tables of refraction first published 
by Bessel in the Tabulze Regiomontane, which give the refraction 
in the form 

cannot be conveniently used in this case, since the argument is 
the apparent zenith distance, while in micrometric observations 
it will usually be the true zenith distance which is known. In 
order to give to the desired equation the above form, a factor 
is computed by differential formule which is similar to k but 
which depends upon the true and not the apparent zenith dis- 
tance. A table of these factors with the necessary corrections 
to them depending upon the barometer and thermometer is 
given at the end of Bessel’s paper. (In the following computa- 
tion these corrections have been neglected). The effect of refrac- 
tion upon the observed position angles and distances is then 
found from the following equations: 
4p = p— p, = px tan’ cos’ (6—q)+1! 


} 
{tant cos (4 — q) sin (9— q) + 


tan sin q tan . 206,264.8. 


p,9,¢ and 6 are the distance, position-angle, true zenith distance 
and declination respectively. It may be observed that the refrac- 
tion in both p and 4 depends upon the position angle; the tables 
which immediately follow show the position angles necessary to 
produce the greatest and least amount of refraction for a star at 
a given hour angle and declination. 

q is the angle included between the two arcs of great circles 
which join the star with the poleand the observer's zenith respec- 
tively. This unfortunately depends upon the latitude; the fol- 
lowing tables, which have been computed for every ten degrees of 
declination and fifteen degrees of hour angle for a latitude of 
forty degrees, and for low altitudes in a latitude of thirty de- 
grees, will probably be sufficient for all observers for example, in 
the United States. 

These tables contain the following quantities. In the first 
column under each hour angle is given for every ten degrees of 
declination the least possible value of 4p corresponding to a. 
value of p of 100”. The second column gives the refraction in 4 
when the position angle is such as to render 4p as small as possi- 
ble; the third column gives the greatest value of 4p, and the 
fourth, the value of 4 for which 4p is a maximum. The last 
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two columns give the least and greatest values of 44. The cor- 
responding values of 4 are found from the following principles: 
To render 4p a maximum, 4 must have the value given in the 
fourth column under each hour angle, or 180° + this value; to 
render 4p a minimum, 4 must exceed this value by 90° or 270 
{minimum | 
(meximum 


to render 44 finally a 


(135° or 315°) 
1 45° or 225° f° 


# must exceed this value by 


The tables may be used to ascertain whether it is necessary to 
correct an observation for refraction and also to find roughly 
the most advantageous hour angle at which to observe a double 
star. The following examples will illustrate this: 

The triple star 6 617 was observed at an hour angle of 3 hours 
in latitude 40°. 


6 = — 23° 45’ = 340° p= 2” mag.=8+,11+)\BC 
a = 14" 42" 4 220 60” 7 JAB 


Considering first the components A and B, we observe that the 


maximum and minimum values of the corrections are as follows: 


Apmax:=>= 6X 61°" = 

44 —4}'9 When 34° or 214 
Jp min. =+ 0.02, 6= 114° or 304 

46 max. = +11’.1, 75° or 255 

J? min. =— 87.9, 6= 169° or 349 


As # in this case is 220°, 4p is slightly less than 0”.32 and J4 
slightly greater than 1’.3; the latter is hardly appreciable. 

With the components B and C we observe that the error in 4 is 
about — 8’.2 while that in » is too small to be of any conse- 
quence, 


To see at approximately what hour angle the star should be 
observed to render J4# as small as possible we merely take from 
the columns opposite — 20° the values of J¢ corresponding to 


the observed value of 4, and select the least. This occurs in the 
above example when t is about 0", but this will not always be 
the case. 


The least value of J4 will in fact occur when the equa- 
tion 


cos (26— q) = » Sin 26 + tan 0 cot < 


is satisfied. This is better illustrated by the following example. 
The star 6 467 has the following position : 


a= 20° 45".2; 6= + 30° 26’; d= + 286°; p= 1”.2. 
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REFRACTION ON MICROMETRIC OBSERVATIONS IN A LATITUDE OF 40°, 


SHOWING THE 
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+ hours. t = 5 hours. 
AG 44 Ap 4 46 
min max mux Angle min max 


2 4 — 15.00 4+ 20.67 
$3 29 5.60 4+ 6.41 0.019 + 0.99 2.692 47 57 43-91, + 45.59 
45. 54 2.73 + 2.73 0.026 0.00 0.045 49 I 10.70,4 10.70 
49 30 1.74.4 1.28 0.027 0.390.255 51 2— 4.383\+ 4-04 
54 30 1.34-+ 0.54) 0.028 0.620.106 54 4 3.00 + 1.76 
ol 19 — 1.204 0.08 0,025 0.82 0.113 58 16 2.30 + 0.65} 
69 3 - 1.23 1.05 0.087 63 0.03 
79 45 1.42 1.360.072 70 33 2.12;— 0.59 
33 1.54 I 1.870.065 78 34 — 2.50)— 1-23 
55 2.78 2. 2.89 0.062 87 25 — 3-47|— 2-3! 
49 5.64 4.64 0.028 6.00 0.062. 27 6.60\— 5-41) 
23+ 5.31-+ 7.33 0.028'-+ 6.680.077, 112 32 + 5-83\+ 7-53! 
o+ 2.014 5.29 0.028 + 3.600.096118 46+ 2.43/+ 4-78 
33 0.10 + 5 98 0.025 -+ 2.65 0.131 123 41 + 0.36 a 4-33 
45 1.59 + 7.29 0.027 + 2.410.161125 40-+ 0.12|/+4+ 4.90 
48 4.10-+ 9.90 0.027 + 2.260.204 127 22 — 0.78|+ 5-30 
33 9.16, 4+- 13.54 0.027 +- 2.18':0.273 128 47 — 2.04/+ 6.40 
$ — 22.70 + 23.68 0.026 + 2.16/0.387 129 57.— 4.05 + 8.37 
0.026 + 2.22 0.604 130 52 7.72 + 12.15 
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TABLE I.—ConrTiInueED. 


SHOWING THE EFFECT OF REFRACTION ON MICROMETRIC OBSER- 
VATIONS IN A LATITUDE OF 40°, 


| 


| 4p | d6 4p 
| min, | max 

— 45 

— 40 

— 20 | 

— 580 

+ 20 0.020 — I.13 0.530 
+ 30 {| 0.027 — 41.28 0.2601 
+ 40 || 0.027 — 1.46 0.160 
+ 50 || 0.028 — 1.76 0.114 
+ 60 || 0.028 — 2.27 0.089 
+ 7O || 0.028 — 3.32 | 0.076 
+ 80 || 0,028 — 6.54 0.069 
+ 100 |} 0.028 + 6.54 0.069 
+ 110 || 0.028 +- 3.32 0.076 
+ 120 | 0.028 + 2.27 0.089 
+ 125 ] 0.028 + 2.02 0.106 
a. 130 0.028 + 1.76 O.114 
+ 13 0.028 + 1.56 0.130 
+ 140 0.027 + 1.46 0.160 
+ 145 | 0.027 + 1.31 0.200 


We may form the following table 


responding values of @: 


¢. 45 6 46 
hrs. 
fe) — 0.02 135 + 0.02 
I — 0.15 181 — 0.08 
2 — 0.34 195 — 0.22 
2 — 0.67 197 — 0.09 
4 — 1.20 196 + 0.08 
5 | — 2.30 193 + 0.65 
6 | — 5-30 189 + 2.75 


6 hours. 
Angle 
50 20 
45 
54 00 
57 16 
ol 40 
67 14 
73 59 
SI 43 
9s 17 

106 I 
112 46 
115 58 
118 20 
120 40 
122 46 
12 28 


min. max 
30. 39 28.58 
9.90 -+ 7.04 
5-30 2-75 
3-75 + 0.82 
3-34 — 0.28 
3°33 1.21 
4:15 | — 2.49 
7.20 — 5-83 
5-83 7.26 
2.49 + 4.15 
1.21 + 3-33 
0.76 + 3.29 
0.28 | + 3-34 
0.36 + 3.48 
0.82 + 3.75 
22 + 4.62 


46 6 
= 
0.00 
— O11 46 
— 0.28 59 
— 0.38 62 
— 0.56 61 
— 0.82 58 
— 1.27 54 


glance at the table shows that somewhere between t = 3" and 
t = 4", 44 reduced to zero, and an inspection of the columns for 
Jp shows that this quantity is not appreciable. 
unnecessary to re-write these numbers from the tables; it is done 
here for clearness. 


It is, of course, 


values of 44 with the cor- 
| 
45 
105 
107 
106 
103 
99 
We increase 9 180°, for convenience, obtaining = 106°, when a 
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TABLE II. 


SHOWING THE EFFECT OF REFRACTION ON MiICROMETRIC OBSERVATIONS IN Al 


t=1 hour. 


4p 46 Ap 
max, min Angle. min. 
, ” , ” , 
+ 6.32 0.026 +0.85 13) 21— 
3-51 0.025 4 0.55 13 41 — 
+ 1.42 0.028 +0.2¢ 14 45 — 
+ 0.65 0.028 +0.12 16 
0.34 0.025 4 19 
+ 0.16 0.025 


3-72 0.025 +2.59 0.744 166 49 — 


t=2 hours. 


4p} 46 | 4p 


min. | | max.) Angle. 


| 


0.026 +1.300.411 26 
0.027|+-0.59 0.171) 28 
0.028 +0.28 0.097) 30 
0.028 +0,16 0.065) 34 
0.025) +0.00.0.062| 40 


| 
0.028) 5-29 0.609)153 
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TABLE I1.—Continued. 
SHOWING THE EFFECT OF REFRACTION ON MICROMETRIC ORSER- 


VATIONS IN A LATITUDE OF 30 


t = 6 hours. 
4p 4G AG 
min. max Angle min max 
” , , 
_ 40 
20 
— 10 
Oo 
+ 10 0.019 — 1.160 2.550 60 23 $4.07 . j2.30 
+ 20 0.025 — 1.57 0.546 or 3I 15.03 12.54 
} 30 0.020 — IS 0. 340 63 26 7.20 | 3-55 
+ 110 
+ 120 
+ 125 
+ 130 0.027 + 2.03 0.186 110 22 —_ 1.20 4 5.25 
+ 135 0.027 + 2.29 0.217 112 12 0.98 5-55 
+ 140 | 0.027 + 2.09 0.201 113 OS! — 1.93 +- 6.12 
+ 145 0.027 + 1.94 0.298 115 19 — 3.18 7.00 


Several interesting and useful conclusions may be drawn from 
the above formulz and the tables. We see, for instance, that the 
refraction in distance is proportional to the distance itself, but 
the refraction in angle is the same for a wide star as for a close 
one. The refraction in distance is not large except when the alti- 
tude is very low, but the refraction in angle near the pole is, on 
the contrary, exceedingly great on account of the term 

an 6 tan sing inthe formula. This term reduces to zero when 

the star is on the meridian, leaving the comparatively small re- 
fraction x. 120 tan’ 5 sin 2p, of which the maximum 
value in latitude 40° and with a star within ten degrees of the 
pole is 1’.4. This is usually inappreciable. The very large values 
for maximum 4¢ have therefore been omitted from the table. 
They would, however, have indicated clearly the principle that 
all stars within ten degrees of the pole should always be ob- 
served on the meridian. 

THE FLOWER OBSERVATORY, May 20, L897. 
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THE HEAVENS FOR JULY. 
MARY PROCTOR 


During the month of July the Great Bear (Ursa Major) in mid-heavens, be- 
tween the northern horizon and the point overhead. Coiling between the Great 
Bear (Ursa Major) and the Little Bear (Ursa Minor) is the Dragon (Draco), with 
its gleaming eyes, marked by the stars Beta and Gamma, under the heel of Her- 
cules. Between the Little Bear and the northern horizon is the insignificant con- 
stellation of the Camelopard. The Lion (Leo) is due west, the point of the 
Sickle being turned towards the horizon, and the handle marked by Alpha and 
Eta nearly horizontal. Between the western horizon and the point overhead 
are constellations Coma Berenices and Canes Venatici, marked by the solitary 
star, Cor Caroli. Overhead are the constellations Hercules, Corona, Borealis and 
Booétes. Between the point overhead and the southern horizon are the constella- 
tions Serpens, Ophiuchus, and below them (Libra) the Balance and the Scorpion 
(Scorpio). Between Bodtes and the south-western horizon glows Spica in the 
constellation of Virgo, and low down in the southwest is the Crow (Corvus), 
with the Cup (Crater) beside it on the right and Hydra disappearing in the west. 

Between tke south and southwest we find the head and shoulders of the Cen- 
taur (Centaurus) and the Wolf (Lupus) due south. Low down in the southeast 
is the Archer (Sagittarius), and on his left we see the two stars Alpha and Beta 
marking the head of the Sea Goat (Capricornus),and one belonging to the Water 
Bearer (Aquarius). Between the mid-heavens and the eastern horizon are to be 
seen the Swan (Cygnus), the Harp (Lyra), with its leading brilliant Vega, the 
Eagle with the glowing Altair and the constellation of the litthe Dolphin (Del- 
phinus). Due east we see part of the Winged Horse ( Pegasus), and between the 
north and northeast are the circumpolar constellations Cassiopeia and Cepheus. 
The Milky Way traces its path from the point due north through Cassiopeia, Ce- 
pheus, Cygnus and Lyra, Aquila, Sagittarius, Scorpio, and vanishes due south 
near the constellation of the Wolf (Lupus). 


SERPENS, THE SERPENT. 


A great part of this constellation, blends with that of Ophiuchus, the Serpent 
Bearer, who is represented in the old maps grasping a serpent with both hands. 
It is situated between Libra and Ophiuchus, and occupies a large space in the sky. 

“Vast as the starry Serpent, that on high 
Tracks the clear ether, and divides the sky 
And southward winding from the Northern Main, 
Shoots to remoter spheres its glittering train ’ 

According to ancient tradition, Ophiuchus is the celebrated physician AZscula- 
pius, son of Apollo, who was instructed in the art of healing by Chiron the Cen- 
taur, and the serpent, which is here placed in his hands, is understood by some to 
be an emblem of his sagacity and prudence, while others suppose it was designed 
to denote his skill in healing the bite of this reptile. Biblical critics imagine that 
this constellation is alluded to in the following passage of the book of Job: 

“By his spirit He hath garnished the heavens, his hand hath formed the 
crooked serpent.” 

The Hivites, of the Old Testament were worshippers of the Serpent, and were 
called Ophites. The idolatry of these Ophites, was extremely 


ancient, and was 
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connected with Tsabaism, or the worship of the host of heaven. 


(Geography of 
the Heavens, p. 103. Burritt.) 


SERPENS, WITH AN OPERA GLAss. 


In observing this constellation with an opera glass, Mr. Garrett P. Serviss, 
gives us the following directions: Look at the stars in the head of Serpens, sev- 
eral of which form a figure like the letter X. A little west of Theta (9) in the tail 
of the Serpent, is a beautiful swarm of little stars upon which a field-glass may 
be used with advantage. (Astronomy with an Opera Glass, p. 43.) 


SERPENS, WITH A THREE-INCH TELESCOPE. 


Those who are the possessors of a three inch telescope, will do well to read 
the instructions given by Captain Noble, in his book Hours with a Three-inch 
Telescope. (p. 103.) ‘Serpens, is one of those straggling and sprawling constel- 
lations so difficult to follow in the sky. Nevertheless, it is one containing many 
beautiful and interesting objects. To begin with, Alpha is a very wide and un- 
equal pair, the smaller component requiring a good deal of looking for with a 
small telescope. I mention it here for the pretty contrast in color which it pre- 
sents. Delta Serpentis is a very neat and pretty binary star; the components are 
at present separating. Beta is like Alpha, a widish and very unequal pair, the 
small star, as in the former case, being bluish. Theta Serpentis is comparatively 
wide and easy. It will well repay examination, though from the richness of the 
region in which it lies. Gamma Serpentis, 4° northeast of Eta, is also wide and 
easy. As before, I mention it for the pleasingly contrasted colors of its compo- 
nents. 101!,° to the northeast of Alpha Serpentis, on a line drawn from that star 
to Vega, will be found 49 Serpentis. This is a binary system, with a supposed 
period of 900 years.’ (Stars referred to can be found in “The Stars in their 
Seasons.”” Map VII. R.A. Proctor. 

4083—Star CLUSTER IN SERPENS. 

The Right Ascension of the star cluster is 15" 12™, its declination 4+ 2° 31’. 
It was observed by Messier in 1764, who described it as a beautiful and circular 
nebula, 3’ in diameter. Messier says: “In clear weather it can be seen very 
well with an ordinary telescope of 1’ focus” (Klein's Star Atlas, p. 49.) He could 
not find any trace of stars in it, yet Herschel's 40-foot reflector revealed over 
200 stars, so closely grouped together in the center, however, that it was impos- 
sible to resolve them. An average telescope shows that this is a cluster of stars 
and not a nebula. Rosse says the cluster is 7’ to 8’ in diameter, the stars rang- 
ing from the 12th to the 15th magnitude. 


THE CONSTELLATION OPHIUCHUS, THE SERPENT-BEARER. 


In olden maps Ophiuchus is represented as a venerable man, having both 
hands clenched in the folds of a prodigious serpent, which is writhing in his grasp. 
The constellation occupies a considerable space in the mid-heavens, directly south 
of Hercules, Its center is very nearly over the equator, opposite to Orion, and 
comes to the meridian the 26th of July. It contains 289 stars, including one ot 
the second magnitude, five of the third and ten of the fourth. This constellation 
was known to the ancients twelve hundred years before the Christian era, and it 
is referred to by Homer. 


PRINCIPAL STAR IN OPHIUCHUS. 


Alpha Ophiuchi, the principal star in this constellation, is also known by 
the Arabian name, Ras Alhague. It is a star of the 2nd magnitude, marking the 
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head of Ophiuchus. It comes to the meridian on the 28th of July, about 21 min- 


utes after Alpha Herculis (Ras Algethi). 
Onjects OF TELESCOPIC INTEREST. 
Captain Noble tells us that this constellation is replete with objects of tele- 
scopic interest. Beginning with p’ we find a beautiful close pair of stars, with a 
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pretty contrast between the pale yellow of the larger one and the blue of its com- 
panion, the pair forming the apex of a triangle with two other companion stars. 

70 Ophiuchi, 6° to the southeast of Beta, (R. A. 17" 59™, Decl.+2° 33’) is an 
interesting pair. The colour of the smaller stars is variable, having changed from 
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purple to yellow. In fact, both stars are vellow, ‘Very much as they were seen 
by Secchi in 1855, and by Terants in 1876; the companion was, however, marked 
‘purplish’ at Harvard college in 1878, ‘rose colored’ by Flammarion in 1879.” 
(System of the Stars, p. 159. Agnes M. Clerke.) ‘The orbit of 70 Ophiuchi, 
though one of the earliest experimented upon, can still only be regarded as pro- 
visionally determined. The stars have indeed, hitherto so persistently refused to 
keep to their predicted places, that disturbances by invisible members of their 
system have sometimes been brought in to account for their anomalous behavior, 
The period of revolution included in the most recent set of elements ( Mr. Gore's) 
is eighty-eight years; the mass of the two stars is nearly three times that of the 
Sun, and their orbit is so considerably eccentric that their distance apart ranges 
from fourteen to forty-two times the radius of the Earth's orbit. (Svstem of the 
Stars, p.171.) From observations made Ly Krueger, he remarks: ‘The fine 
binary system, 70 Ophiuchi, with an annual motion of 1’, proved to be removed 
from the Earth by twenty years of light travel (parallax 0’’.16). 


TEMPORARY STAR. 


East of the star Xi (§) Ophiuchi, indicates the spot where a famous tempo- 
rary made its appearance in the year 1604. “At first it was brighter than any 
other star in the heavens, but it quickly faded, and in a little over a year disap- 
peared. It is particularly interesting because Kepler—the quaintest, and not far 
from the greatest figure in astronomical history—wrote a curious book about it. 
He described the new star as sparkling like a diamond with prismatic tints, but 
says nothing of progressive changes of color.”’ 

Another temporary star was detected in Ophiuchus, by Mr. Hind, April 28th, 
1848, when it was 6.7 magnitude, and of a vellow tinge. In four days it became 
a star above the fifth magnitude, when its lustre declined, until in 1874, it had 
faded down to a star of the thirteenth magnitude. 

A VARIABLE STAR. 

U Ophiuchi, R. A. 17" 10™, Decl. + 1° 21’. This is a remarkable variable 
star, discovered by Sawyer in 1881. It is generally of 6.1 magnitude, and at 
minimum decreases to 6.8 magnitude. The period is only 20" 8™, and the change 
ot brilliancy occupies the short space of four hours. In this respect it is the most 
interesting of all the variable stars known at present. The star naturally be- 
longs to the Algol type. (Explanatory Text. Star Atlas, p. 54. Dr. Hermann 
J. Klein). 

CLUSTERS. 

Ophiuchus is remarkably rich in star clu-ters, and a very complete account 
of the finest are to be found in Klein’s “Star Atlas.’’. The following can be easily 
seen with an ordinary three-inch telescope: 43815, R. A. 17" 31™, Decl. — 3° 10’, 
and 4294, R. A. 175 13™, Decl. + 43° 16’. 

Opnivcuus With AN OpERA-GLAss. 

“While there are no ol jects of special interest for the observer with an opera- 
glass in Ophiuchus, he will find it worth while to sweep over it for what he may 
pick up, and, in particular, he should look at the group of stars southeast of Beta 
and Gamma. These stars have been shaped into a little modern asterism called 
Taurus Poniatowskii, and it will be noticed that five of them mark the outlines 
of a letter V, resembling the well-known figure of the Hyades. Do not fail to no- 
tice remarkable subdivisioas of the Milky Way in this neighborhood. Its current 
seems divided into numerous channels and bays, interspersed with gaps that 
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might be likened to an island, and the star 9 (Serpens) appears to be situated 
upon one of these islands of the galaxy. This complicated structure of the Milky 
Way extends downward to the horizon and upward through the constellation 
Cygnus.”” (Astronomy with an Opera-Glass, p. 43). 

SCORPIO, THE SERPENT. 

The constellation of Scorpio is one of the most interesting group of stars near 
the southern horizon, to be studied during the month of July. It is situated 
southward and eastward of Libra, and is on the meridian the 10th of July. 
Scorpio contains 200 stars, including one of the first magnitude, two of the sec- 
ond and thirteen of the third magnitude. 

The constellation of Scorpio, is referred to by Ovid, in his beautiful fable of 
Phaeton: 

“There is a place above, where Scorpio bent, 
In tail and arms surrounds a vast extent; 

In a wide circuit of the heavens he shines, 
And fills the place of two celestial signs.”’ 


This is the famous scorpion which sprang out of the Earth at the commando f 
Juno, and stung Orion, of which wound he died. It was in this way the impe- 
rious goddess chose to punish the vanity of the hero and the hunter, for boasting 
that there was not on Earth any animal which he could not conquer. Although 
both Orion and Scorpio were honored by being placed among the stars, vet they 
are so situated that they never appear in the same hemisphere at the same time. 
When one rises the other sets, and vice versa. 


Irs LEADING BRILLIANT ANTARES. 


Antares, @ Scorpionis, is the brightest star in the constellation of the Scor- 
pion. It comes to the meridian about three hours after Spica Virginis, or fifty 
minutes after Corona Borealis, on the 10th of July. ‘‘It is one of the stars from 
which the Moon's distance is reckoncd for computing longitude at sea. There are 
four great stars in the heavens, Fomalhaut, Aldebaran, Regulus and Antares, 
which formerly answered to the solstitial and equinoctial points, and which were 
much noticed by astronomers of the East.”’ (Burritt, p.110. Geography of the 
Heavens. ) 

Antares has a companion star 7.5 magnitude, and it was discovered in 
1849. “Burg at Vienna, 13th April, 1819, when, Antares was eclipsed by the 
Moon and when it should have come from behind the Moon's disk, saw a star of 
6.5 magnitude, which five seconds later, seemed suddenly to shine as brightly as 
Antares. He at once came to the conclusion that Antares was a double star. 

“The star Antares, or the Scorpion’s Heart had long been a source of per- 
plexity to astronomers. It is a brilliantly red star, and has, indeed, been called 
the Si:ius of red stars, a name better merited by Aldebaran, save tor this, that in 
our latitude Antares, like Sirius, is always seen as a brilliant scintillator (because 
always low down), whereas Aldebaran rises high above the horizon. But when 
the star is watched intently, especially with an instrument of adequate power, a 
singular scintillation of green light is found to force itself persistently into notice. 
It was suspected, at length, that this star must have a green companion, but for 
a long time none could be found. At length the late General Mitchell, with the 
fine telescope of the Cincinnati Observatory, detected a companion to the brilliant 
Antares, and, as had been suspected, this companion proved to be green. This, 
the first noteworthy achievement of the Cincinnati telescope, was a source of con- 
siderable gratification to Mitchell until he heard that at another Observatory 
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two green companions could be seen. He searched again and again tor the sec- 
ond green star, but could find no trace of it, and at last the welcome news came 
that the telescope of the other Observatory was at fault. It possessed the unde 
sirable faculty of dividing small stars on its own account—that is to say, it di- 
vided stars which really were single. Reassured of the fidelity of his telescope, 
General Mitchell re-examined the stars. But he and others who joined in the 
work found it difficult to satisfy themselves as to the real greenness of the com 
panion. The latter also was too minute an object and too close to its primary to 
be separated by any artificial device (such as hiding one star, while the other con- 
tinued visible, by meansot a small cross-bar of brass or copper introduced into the 
telescopic eyepiece for the purpose). It happens, however, that Antares is one of 
those stars which the Moon occasionally passes over as she travels along the 
zodiac, and the late Mr. Dawes, perhaps the most shirp-sighted observer that 
ever used a telescope, availed himself of one of these passages to settle the ques: 
tion of the tiny star’s color. When the Moon had hidden Antares the small com- 
panion was shining alone for a tew seconds in the telescopic field of view. Its 
color was then seen to be unmistakably green." (The Orbs Around Us. pp. 323- 
324. R.A. Proctor). 
COLORED Suns 


This small star then is really a green sun, and it is interesting to consider the 
case of a number of worlds circhny around this solar system “Imagination 
fails to conceive,”’ says Sir John Herschel, ‘the charming contrasts and gratetul 


vicissitudes of a red and green dav, alternating with hght or with darkness, in 


the planetary systems belonging to these suns."" No story in the “Arabian 
Nights” equals in wonder, some of the truths revealed by science. So accustomed 
are we to the white light received from our own Sun, that were it suddenly to 
glow witha green or ruddy hue, we would be overcome with amazement. Yet 
such would be the case, if we were inhabitants ona planet belonging to the sys- 
tem of Antares. Imayine the two suns above the horizon, how strange would be 
the appearance of the sky on this distant world. “O‘ten one sun must pass before 
the other, and then the color of the day changes, passing through many grada- 
tions, as the strange transit of sun Over sun is in progress. Then every object on 
such a planet must cast two different shadows. If the suns are red and green, 
for instance, the shadows are red and green. When we remember how large a 
part shadows play in the appearance of a landscape, we see at once how strange 
a scene the hills and dales, and villages and woods in those distant worlds must 
present to those who inhahit them. Living creatures must exhibit a yet stranger 
(The Orbs Around Us, pp 320-321.) 


SPECTRUM OF ANTARES. 


The spectrum of Antares is of the third type, comprising the bright red stars 
resembling Betelgeuse. This spectrum is of the’ fluted” kind,and has the appear 
ance of a luminous colonnade. and is due to the absorption ot light by the vapors 
of compound substances in the stellar atmospheres These stars are invariably 
of a reddish or orange color, very little of their blue light making its way through 
the piled-up vapors that surround them. Their spectra can hence only be pho 
tographed with difficulty.” (System of the Stars, p 53. Agnes M. Clerke.) 


Scorpio SEEN WITH AN OPERA-GLASS 


“The opera-glass will show a number of faint stars scattered around An- 
tares. Turn now to Beta (f), in Scorpio, with the glass. A very pretty pair of 
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stars will be seen hanging below 4. Sweeping downward from this point to the 
horizon you will find many beautiful star fields. The star marked Nu (v) is a 
double, which you will be able to separate with a powerful field-glass, the dis- 
tance between its components being 40”. And next let us look at a star-cluster, 
of very small stars, known as 4+ Messier (or as H 4183, R. A. 165 16™, Decl. — 26° 
14’), almost on the parallel ot Antares and 11» degrees to the west of it. With 
an opera-glass, if you are looking on a clear and moonless night, you will see it 
as a curious nebulous speck. With a field-glass its real nature is more apparent, 
and it is seen to blaze brighter toward the center. It is, in fact, one of those uni- 
verses within the universe where thousands of suns are associated together by 
some unknown law of aggregation into assemblages of whose splendor the slight 
view that we can get gives us but the faintest conception.”” (Astronomy with 
an Opera-Glass. p. 35). Messier saw the cluster in 1764, and remarked that it 
.was 214 minutes in diameter and looks like a patch of nebula in a telescope of low 
power. In, 1783, Herschel resolved the whole into stars with a 10-foot reflector. 

‘Let us follow (with an opera-glass) the bending row of stars from Antares 
toward the south and east. Whei you reach the star Mu (4) you are not 
unlikely to stop with an exclamation of admiration, for the glass will separate 
it into two stars that, shining side by side, seem trying to rival each other in 
brightness. But the next star below “, marked Zeta (%), is even more beautiful. 
It also separatés into two stars, one being reddish and the other bluish in color. 
The contrast on a clear night is very pleasing. But this is not all. Above the 
two stars you will notice a curious nebulous speck. Now, if you have a powerful 
field-glass, here is an opportunity to view one of the prettiest sights in the 
heavens. The field-glass not only makes the two stars appear brighter and their 
color more pronounced, but it shows a third, fainter star below them, making a 
small triangle, and brings other still fainter stars into sight, while the nebulous 
speck above turns into a charmingly beautiful little star-cluster, whose compo- 
nents are so close that their rays are inextricably mingled in the maze of light. 
Following the bend of the Scorpion’s tail upward, we come to the pair of stars 
in the sting. These, of course, are thrown wide apart by the opera-glass. Then 
let us sweep off to the eastward a little way and find the cluster known as 7 M. 
Above it, and near enough to be included in the same field of view, is 6 M, a 
smaller cluster. Both of these have a sparkling appearance with an opera-glass, 
and by close attention some of the separate stars in 7 M may be detected. 
With a field-glass these clusters become much more striking and starry-looking, 
and the curious radiate | structure of 7 M comes out.—Astronomy with an Opera 
Glass, pp. 34-37). 

STarR CLUSTER IN SCORPIO. 


To the right of Antares, and above it, is a nebula marked 80 M, or H 4173, 
R. A. 16" 10™, Decl. — 22° 41’. “It was discovered by Messier in 1781, and de- 
scribed as a circular nebula, 2’ in diameter, with brilliant center like the nucleus 
of acomet. Later on Herschel, with the aid of his great telescope, found that 
the object was in reality a star cluster, the stars in which are exceedingly dense. 
On May 21st, 1860, Auwers saw a star of 6.5 magnitude in the cluster which had 
not been visible there before, and this observation was confirmed a few days later 
by Pogson. The star was already decreasing, and by the middle of June, 1860, was 
no longer visible. Near it are two variable stars R and S. The tormer, discov- 
ered by Charcornac in 1853, is faint at maximum, being only 9 magnitude and at 
minimum is almost under the 13th magnitude. The change of brilliancy occupies 
223 days. The latter (S) varies between 9 and 13 magnitudes. Period only 177 


* 
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days. Neither star is of any particular color."’ (Explanatory Text, Star Atlas, 
p. 51, Dr. Hermann J. Klein). This nebula is described by Sir W. Herschel as **the 
richest and most condensed mass of stars which the firmament offers to the con 
templation of astronomers.” 


TELESCOPIC OBJECTS OF INTEREST IN SCORPIO. 


The star # Scorpionis is a fine double, the components 13.1 apart, their 
magnitudes 2 and 51», colors white and lilac. It has been supposed that this pair 
is only an optical double, but a long time must elapse before a decisive opinion 


can be pronounced on such a point. 


The star Sigma (6) Scorpionis is a wider }of much more difficult double, the 
component being below the 9th magnitud Che color of the primary (4) is 


white, that ot the secondary maro: n 


The star (2) Xi Seorpionis is a neat double, the components 7.2 apart, their 


magnitudes 412 and 71s, their colors white and gicy This star is really triple, a 
fifth magnitude star lying close to the primary.” (Half Hours with a Telescope, 
p. 62. R.A. Proctor.) 

During the summer months there will be many ev vings that can be spent in 
studying the stars, with the aid of opera or field-gl.iss:s, or small te lescopes, and 


for this reason | have taken particular care to indicate the leading objects of in- 
terest. Fora more complete list | would refer my readers to Klein’s ‘Star At- 
las,” ** Hours With a Three-Inch Telescope,” by Capt. Wm. Noble; ‘* The Amateur 
Telescopist's Handbook,” by Frank M. Gibson; Webb's “ Celestial Objects,” 
**Half Hours With the Stars,” or“ Astronomy With an Opera-Glass.””. Any of 


these books will be a great help in studying the constellations. How pleasant it 
is, ike Milton’s hermit, ‘to sit and rightly spell of every star that heaven doth 
show.” 


PLANET NOTES FOR JULY. 
H. C. WILSON 


Mercury wil! be at superior conjunction, 1. e. behind the Sun, July 15, and so 
‘will not be visible to the naked eye during the month. 

Venus will be at greatest elongation, 45° 44’ west from the Sun July 11. Her 
phase will be gibbous after that time, but, owing to the increasing distance from 
the Earth, her apparent brightness will decrease in the ratio of 146 to 105 dur- 
ing July. 

Mars is too low in the west at sunset to permit of good observations. His 
course will be eastward through the constellation Leo, passing by Jupiter on 
Julv 25 at 9 a.m. Central standard time. At this time the two planets will differ 
only 7’ in declination and so may be seen in the same field of the telescope. 

Jupiter is moving more slowly than Mars eastward through Leo, and will 
also be too low in the west for good evening observation. It may be well how- 
ever, to watch the two planets on the nights of July 24 and 25 and notice the 
relative motion and colors of Jupiter and Mars. 

Saturn is the planet to be observed uuring this month. It is near the meri- 
dian, toward the south, in the early evening. Saturn is the brightest object im 
this part of the sky, although near the planet toward the southeast is the bril- 
liant group of stars known as the Scorpion, among which the red Antares shines 
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The rings of Saturn are to be plainly seen, their angle with the line 


Uranus is but a little to the southeast from Saturn and easily recognized with 
the aid of a telescope by its greenish disk. The satellites can be seen only with 


powerful telescopes. 


Neptune will be in conjunction with Venus at 3 p. M. July 28, but is not in 


favorable position for observation. 


The Earth will be at its greatest distance from the Sun (aphelion) on July 1. 


The Moon 
Phases. Rises Sets. 
(Local Time.) 
h m h m 
July 7 First Quarter.............. 12 47 P.M. 11 18 P.M. 
21 Last 48 “ 2 4P.M. 
29 New 4 34a.M. 35. * 
The Satellites of Uranus. 
ARIEL. 
Period 2" 12".489 
North. South. 
July 3 68a.mM. July 2 12.6 a. M. 
5 7.3 P.M. 
8 7.9 a.M. 
10 8.4 P.M. 9 2.1 P.M. 
13 8.9a.M. 12 264.0 
15 9.4 P.M. 14 3.1P.M. 
18 9.9 17 SSA. 
20 10.4 P.M. 19 4.L P.M. 
23 10.9 a. M. 22 4.6 M. 
25 11.4 P.M. 24 5.1P.M. 
28 11.9 a.M. 27 S6 A, M. 
31123 “ 29 6.1 P.M. 
TITANIA. 
Period 165.942 UMBRIEL. 
North. South. Period 4" 35.460 
July 7 July 312.6 P.M. North. South. 
26 22 “ 12 5.6a.M. 9 
11 6.9 “ 13 8.6 
OBERON. 15 10.4 * az 22.1 
9 .9 P.M. 21 
Period 134 119.119 25 
North. South. 27 8.8 * 29 10.6 
July 1 5.3a.M. July 7 11.0 P.M. 


14 4.7 P.M. 
28 4.04. 


Aug. 3 9.6 P.M 


21 10.4 aA. M. 
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Saturn’s Satellites. 
[E = at east elongation; I = at inferior conjunction (south of planet); W 
at west elongation; S at superior conjunction (north of planet]. 
4a 
sa 
zh 
na za Hy d 
Ja 
I. MIMAS. Ill. TETHYS. V. RHEA. 
Period 0° 225.6 
Jo I Ozh dyons 
1 Period 1" 215.3 Period 4" 12%.5 
* W july 7.0 ao. E July 4+ 12.8 P.M. E 
S WwW E 9 12 a. m. E 
9 R84 * W 6 1.6 E 13. 1.6 P.M. E 
6S the “ E 7 10.9 P.M. E 18 2.0 a. M. E 
6 100 * E 9 82 * E 22 2.4 P. M. E 
17 E 11 55 E 29 1.4. 
* E 13 28 * E 633 E 
23 11.6 W E 
24 103 * W 17 9.4 a.M. E 
25 89 W 19 67 E 
26 7.5 Ww ot E Period 15" 23.3 
Il. ENCELADUS. July 3 58 S 
26 7.9 E 
July 2 59 am. E 28 53 * E 11 11.9 a.m. I 
3 2.8 P.M. E 30 26 E 15 4.0 P.M. Ww 
4 11.7 “ E 19 4.1 S 
6 86 E 231.2 E 
7 55 pM. E IV. DIONE. 27 10.2 am. I 
9 23 a.m E 31 23 pM. 
20 2112 E Period 2% 175.7 
638.1 E VII. HYPERION. 
138 6&8 E uly 1 3.9 a.m. E 
14 19pm. E sited 3 96 pM. E Period 21° 7".6 
15 10.8 ” E 6 3.2 = E July 2° 28 P. M. Ss 
18 4.5 P.M. E 12 26 ™ E 14 63 A.M. I 
20 1.4 a.m. E 14 8.3 P.M. E 19 11 “* Ww 
21 10.3 E 17 1.9 E 23 S 
22 7.2 P.M. E 20 7.6a.mu. E 29 66 “ E 
24 4.1 A.M. E E 
25 10 p.m. E 25 7.0 p.m. 
26 9.9 E 28 2.7 E Ill. JAPETUS. 
28 6.7 a.m. E 31 64 a.M. E : P 
29 36 P.M E Period 79% 225.1 


June28 11.4 p.m. 
July19 a.M. E 
Aug.6 7.8 ‘“ I 


h 


162 Variable Stars. 


Occultations.—Only one occultation of a bright star is to be observed in the 
United States during July. This is of the 3d magnitude star ¢ Geminorum on the 
morning of July 27. At Washington the immersion of the star behind the east 
limb of the Moon will occur at 3" 9™ a.M. local time or 3" 17™ a.m. eastern stand- 
ard time; the emersion will occur 53 minutes later. 


Eclipse of the Sun July 29, 1897.—An annular eclipse of the Sun will 
occur on July 29 and will be visible as a partial eclipse throughout the United 
States, Canada, Mexico and the Northern part of South America. The path of 
annular eclipse begins in the Pacific Ocean, passes across Mexico, Cuba, and a few 
of the Windward Islands, touches Cape St. Roque and ends in the South Atlantic 
Ocean. Tae limits of visibility of the eclipse are shown upon the accompanying 
chart. For those who wish to calculate the phases of the eclipse for their own lo- 
cality we give the following elements from the American Ephemerts: 

ELEMENTS OF THE ECLIPSE. 


Greenwich Mean Time of conjunction in right ascension, July 29, 3" 59™ 47*%.5. 


Sun and Moon's R. A 8" 36™ 27*.72 Hourly motions 9°.77 and 128*.08 
Sun's declination 18° 36’ 18".2N Hourly motion 0’ 367.08 
Moon's declination 18 32 22 .7N Hourly motion 10’ 56”".5$ 
Sun's Equa. hor. parallax ae Sun’s true semi-diameter 15 45 .5 
Moon's equa. hor. parallax 56 20 .9 Moon's true semi-diam. 15 20 .5 
CIRCUMSTANCES OF THE ECLIPSE. 
Longitude from 
Greenwich. Latitude. 
m , , 
Eclipse begins July 29 1 2.0 109 49.6 W. 16 57.0N. 
Central eclipse begins 2 4.7 35 62.0 'W. 15 39.3N. 
Central eclipse at noon 59.8 58 23.6 W. 14 44.6 .N. 
Central eclipse ends 5 49.7 3 .577W. 22 43.258. 
Eclipse ends 6 52.1 19 6.4 W. 21 32.38 
VARIABLE STARS. 
]. A. PARKHURST. 
Minima of the Variable Stars of the Algol Type. 
(Given to the nearest hour in Greenwich Mean Time. ] 
U CEPHEI. A TAURI. U CORONAE Con. U OPHIUCHI. 
97 97 
1 
d h d h 
Aug. 5 10 Aug. 1 12 
7 22 "6 : Aug. 11 9 Every 10th min. 
10 10 6 LIBRAE, 14 20 Period 20h Sm 
18 7 
12 22 Aug. 1 18 91 17 Aug. 1 15 
15 10 6 10 
7 29 8 18 28 15 10 0 
20. «9 18 10 
13 9 °6 19 
22 21 15 17 
95 9 RS SAGITTARII. 
27 21 292 1 
30 9 = of Aug. 4 9 
8 6 19 Aug. 4 8 
ALGOL. 29 16 11 15 13 23 
Aug. 9 22 : 7 16 10 18 18 
12 19 18 20 23 «14 
15 16 Aug. 4 11 23 16 28 9 


18 13 7 22 28 12 
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Maxima and Minima of Long Period Variables. 
1897 September. 


MAXIMA. MAXIMA, Con’r. MAXIMA, Conr. 
Day Day Day 
110 S Tucan 8: 5617 U Libre 17 8290 R Pegasi 22 
1805 V Orionis 4: 5644 Z Libre 21 8324 V Cassiopee 2 
1981 S Camelopard. 19 5677 R Serpentis 21 8512 R Aquarii 19 
2013 U Auriga 24 5761 Z Scorpii 4 . 
2080 Columbse 6: 5795 W Scorpii 14 MINIMA. 
2530 VCanismin. 10 6794 R Lyre 11 906 R Trianguli 24 
2676 U Monocerotis 4 6921 S Sagittarii 1 2583 Le Puppis 16 
2684 SCanismin. 29 6943 T Sagittz 29 2742 S Gemirorum 9 
2815 UGeminorum 17: 7106 S Vulpeculze 19 5194 V Bootis 18 
3128 Pyxidis 22: 7155 RR Aquile 14: 7192 Z Cvgni 24: 
318+ T Hydre 11 7234 RCapricorni 23: W Aquarii 6: 
4896 T Centauri 7 7257 R Sapgittx 14 X Capricorni 27: 
5190 RCamelopard.12* 7261 Delphini 13° 7754 W Cygri 2. 


lhe above ephemeris was computed for PopuLaR AstTRONOMY directly from 
the elements given in Chandler's Third Catalogue, with the following exceptions: 

U Cephei. The revised elements, given in Astronomical Journal No. 396, 
have been used. By these the minima are about *, hour later than by the ele- 
ments of the Third Catalogue. 

U Ophiuchi. Vhe period is so short that only every tenth minimum is given, 
with the length of period, so that the intermediate minima can be readily inter- 
polated. 

5190 R Camelopardalis. In Astronomical Journal No. 400 Dr. Chandler 
has the following note on this star: “Observations within a few years appear to 
make certain, what I had previously suspected, that the period of this star has 
heen slowly lengthening since its discovery in 1858, from about 265 days to 
nearly 275 days at the present time, at the average rate of about O0d.16 from 
inaximum to maximum. Therefore, for the elements given in the Third Cata- 
logue, the following may be substituted with advantage 

1869 Sept. 2 (2403943) + 267.5 E + 0d.08E? 
The individual phases are subject also to considerable irregularities."". The date 
given in the table above is computed from the elements of the Third Catalogue. 
According to the new elements the maximum will occur Oct. 22. 

U Geminorum. Rey. |]. G. Hagen has a note on this star in Astronomical 
Journal No. 400, He tound it 9.0 mag. 1897 March 3, 7 and 10, while making 
the chart of the field tor his Atlas of Variable Stars. This agrees well with Mr. 
Sperra’s maximum, March 6, reported in the June number, page 49. At the close 
of the note Rev. Hagen says—‘' Counting from the last maximum, the next is due 
in the beginning of June and cannot be observed.’ This remark led me to look 
for the star every clear evening after May 1, and I was fortunate enough to find 
it bright, 96 mag., June 7, 15",Gr. M. T. June 11 the variable could not be seen, 
the limit being 10 mag. At the next maximum, August-October, it will be in the 
morning sky, and can probably be observed, though predictic ns in regard to this 
uncertain star can be better made after the fact. 

Rev. Hagen states that U was invisible in the 12-inch refractor 1897 Feb. 28 
and March 26, This seems to contradict the lower limit, 13 1 mag., usually set. 

SS Cygni. It was quite a coincidence that this star, of the same type as the 
above, was also near a maximum June 7, Mr. Sperra sends me the following ob- 
served magnitudes : 

1897 June 1, 11.3; June 4, 8.5; June 5, 8.2; June 9, 8.3. 


I observed it (mag- 
nitudes on a different light scale). 


| 
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1897, May 28, 11.2; May 30, 11.2; June 7, 8.6: June 11,86 If June 7 be 
taken as the preliminary date of maximum, the intervals obtained since last 
January are, 62, 36 and 42 days. 

As it is now in good position tor evening observations, a careful watch may 
teach us more of its pecularities in one season’s work than we know of U Gemin- 
orum, 


New Edition of the Durchmusterung Charts Wanted. There are many rea- 
sons why a new edition of these priceless charts should be made. Probably this 
would have been done before now if it had not been supposed the expected inter- 
national photographic charts would take the'r nlace and be vastly superior. But 
it seems to the writer that the publication ot tc photographic charts, instead of 
decreasing, will double the demand for the cuarts of the Durchmusterung. Full 
and accurate as the protographs are, they are very inconvenient for practical use 
on account of the difficulty of identitying the fields, as they lack the right ascen 
sion and declination lines. This lack the Durchmusterung charts will supply, and 
they will thus be of increased value as index charts with every new photograph 
which appears. 

It is sincerely hoped that some one will undertake the re-engraving of these 
charts on the original scale, but if this is not done ticy can be photographically 
reproduced at a less total, though greater proportional, expense. Several years 
ago the writer was fortunate enough to secure, by the kindness of Mr. H. M. 
Parkhurst, of Brooklyn, N. Y., a set of negatives of the Durchmusterung charts, 
on 4x5 plates. Prints of these. both paper and glass, have been made, and sev 
eral sets are in constant use. They are very convenient, notwithstanding theit 
small scale, about 1, the original. Bromide enlargements have been made, with 
varying success, according to the quality of the negative; some have stood en- 
largement to 1, the Durchmusterung scale, with good definition, thus making 
charts 14x17 inches, a very useful and convenient size 

Ifsome one having access to a clean set of the original charts would have 
negatives made, about 8x10, and paper enlargements, perhaps 14x17, he would 
conler a great favor on the astronomical world. These enlargements could be 
sold for $1, or less, apiece, and would be of great value, though less satisfactory 
and probably more expensive than if the charts were re-engraved. The negatives 
can be made for less than fifty cents apiece, so the capital required is very small. 
Will not some one undertake to supply this need. 


Publication of Rev. J. G. Hagen’s “Atlas ef Variable Stars." The publisher 
of this work, Felix L. Dames, Berlin, W., Voss-Strasse 32, has the following note 
in the last number of his catalogue, ‘‘ Advance orders are requested for the whole 
Atlas or for the separate series. Only a limited edition can be published.”"| The 
price is not given. 

A translation of Rev. Hagen’s description of this Atlas is given in the PGeu- 
LAR ASTRONOMY for May, 1897, page 20. The first series, containing the fainter 
variables between the equator and 25° south declination, is nearly ready. Those 
wishing a copy will do well to correspond with the publisher. 


jJ A. PARKHURST. 


ia 
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Search Ephemeris for d’Arrest’s Periodic Comet. 


[Continued from last number. ] 


R. A. Decl. Brightness. 
h m 
July 4-5 2a & +6 31.7 0.24 
3.5 ’ 32 6 37.8 
12.5 42 49 6 40.7 0.23 
16.5 2 53 7 6 40.3 
20.5 3 3 I 6 36.6 0.22 
24-5 12 31 6 29.8 
28.5 21 36 6 19.9 0.21 
Aug. 1.5 30 6 7.0 
555 3 38 25 0.20 


GENERAL NOTES. 
Delay in engraving has made our issue for this month a little late. 


Cut No. 5 of Dr. Morrison’s valuable article in this number is omitted because 


of engraver's errors. It will appear in connection with his next article very soon. 
PI 


The large number of prompt renewals of subscription for Volume five is very 
encouraging. It is hoped that our popular readers will be patient with the 
mathematical articles. If we later double the size of PopuLAR ASTRONOMY, out 


advanced amateurs will be better served. 


United States Naval Observatory. —From reports in Washington pa 
pers, and by information trom other sources, it seems that peace and quiet at the 
Naval Observatory has been a little disturbed during recent months. Exactly 
why this uncommon thing now happens to prevail in that locality scientific peo- 
ple at a distance are left to surmise. It can not he due to the change in adminis- 
tration, for several of the men are about ready to be retired on account of age 
and long honorable service, nor for differences of scholarly opinion, because the 
routine work of that great Observatory generally involves only matters in as- 
tronomy, the debateable part of which science has settled long years ago. There 
‘an be no questions about best methods of ordinary astronomical observation. 
There is little difference of opinion in the minds of scholarly astronomers about 
suitable methods of reduction of observed data for practical and scientific uses. 
So it is extremely difficult to realize the sufficient cause that underlies any harm- 
ful estrangement between great men called to national service in the mainte- 
nance of astronomical science. The grand new building, the fine equipment of in- 
struments, the genial surroundings and generous provisions made by the Gov- 
ernment for the comfort and convenience of astronomers domiciled there, ought 
to furnish inspiration for indefatigable work and associated power in it un- 
equalled elsewhere in the world. America makes telescopes equal, if not superior, 


to the best. America has astronomers without peers elsewhere in almost every 
line of astronomical research. America has a half dozen great observatories that 
ought to stand in the forefront 1m scientific conquest, and as wise arbiters in the 
high court of investigation, where scholarly dignity and genial placidity reign 
supreme. What is the matter with the working staff of our national Observa- 
tory? 
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Death of Alvan G Clark.—The famous optician, Alvan G. Clark, last 
member of the old firm of Alvan Clark & Sons died of apoplexy at his home in 
Cambridge, Mass., June 9. His last finished work was the great lens for the 
Yerkes Observatory which was conveyed to the new Observatory under Mr. 
Clark's personal supervision only a few weeks ago. 

Alvan G Clark was born in Fall River. July 10,1832. After a grammar 
school education he became associated with his father, Alvan Clark, in the firm of 
Alvan Clark & Sons. The elder Clark was the first American to make large 
achromatic lenses. As a member of the firm the son successfully completed man y 
large lenses, among which are the 23-inch lens at Princeton and the Dearborn re- 
tractor (1814-inches), the 26-inch lens in the Naval Observatory at Washington, 
the 26-inch of the Leander McCormick Observatory, University of Virginia, and 
the 30-inch refractor for the Imperial Observatory at St. Petersburg, for which 
the honorary medal of Russia was awarded, the orly one ever conferred on an 
American. During 1886 the 36-inch refractor. then the largest in the world, was 
made for the Lick Observatory. The lens for the Yerkes telescope is now the 
largest in the world. 

Mr. Clark accompanied the total eclipse expedition to Spain in 1870, and also 
the expedition to Wyoming in 1878. As an observer he discovered fourteen 
very close double stars, including the companion to Sirius, for which the Lelande 
gold medal wax awarded to him by the French Academy of Sciences in 1862. 

A fuller account of the work of this distinguished telescope maker will prob- 
ably be given later. 


Fireball.—On April 30, 1897, at 9" M_ v., while observing Jupiter 
with my 10-inch reflector, I suddenly became aware of a brilliant light spreading 
over the sky and landscape. Immediately looking upwards I saw the latter part 
of the course of a splendid pear-shaped meteor passing through Leo Minor. It 
moved rather slowly, leaving behind a trail of sparks which, however, quickly 
vanished. The path of the meteor as observed was from about 166° + 51° to 
156° + 35°, but this does not nearly comprise its whole length which probably 
extended back to 242° + 72°, judging from the time interval between the first 
flash and my actual view of the object. The direction of flight was considered to 
be very satistactorily determined and it led me to adopt a radiant at 291° + 59 
This position was further supported by three other meteors seen at a later hour, 
directed from the same point of the sky. 

I have received several oral descriptions of the fireball from residents in Bris- 
tol and some correspondents in this part of England have sent me their records, 
At Cardiff an observer states * the meteor was as big as a man's head. It lasted 
15 seconds and lit up the neighborhood.’ At Clifton it was described as exceed- 
ingly large and brilliant. “Its strong palpitating light appeared to suddenly 
transform night into day.’ At Strand the meteor flashed out like ligh: ning and 
left a long trail. It was of a bluish white color and travelled {rom Ursa Major 
through Leo to the confines of Hydra. At Lyme Regis it was first seen as a 
small star but near the end of its course it expanded to halt the diameter of the 
Moon and brilliantly illuminated the landscape with a bluish white light. 


Duration 2 or 3 seconds. The shadows of observers were distinctly seen project- 


parallel with 7 and @ Cephei, and ending between @ Cephei and 4 Cassivpeiae. 
From a discussion of the various accounts it appears that the fireball must 

have passed almost over the Zenith at Bristol. When first observed its height 

was 59 miles oyer a place a few miles north of Cheltenham, when last observed 


ed on the ground. The apparent path was trom the direction of y Draconis,, 


by 
- te 
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its height was 18 miles over Banwellin Somerset. The real length of its visible 
course was 70 miles but its velocity is rendered doubtful by the discordances on 
the various estimates of its duration of flight. Had the meteor been enabled to 
pursue its course, in a compact form, during another 32 miles it would have fallen 
to the Earth near Iannton, Somerset. From this town the object must have ap- 
peared as an intensely brilliant object, quite stationary in the heavens. 

There is no doubt as to the radiant being situated in Draco at 291° + 59°, 
though this position does not appear to have been well determined from observa- 
tions of April meteors in previous years. The meteor was an exceptionally fine 
one giving two or three remarkable outbursts of light as it travelled along, and 
situated unusually near the Earth at its end point. W. F. DENNING, 


Bristol, England, June 7, 1897. 


The Rotation of Venus—Gravitation.—I cannot offer any opinion as to 
the time of the rotation of Venus or Mercury. I distrust the results arrived at 
with small instruments (comparatively) when skilled observers with larger in- 
struments cannot ‘arrive at them; and when I find that they lead to diametrically 
opposite results with regard to the rotation-period I am confirmed in my opinion 
as to their untrustworthy character. My object in writing is rather to put a few 
questions to Dr. T. J. J. See, an able mathematical contributor, relating to a 
branch of the subject my own acquaintance with which is somewhat deficient. 

Ist. Ifa non-revolving body came within the sphere of attraction of the Sun, 
Earth or some other body, in such a manner as to make it revolve round the cen- 
ter of attraction as the focus of an ellipse, would it not always turn the same 
face towards the central body? Ifso | think the alleged period would go to show 
that Venus or Mercury (as well our Moon) never had any rotation distinct from 
its revolution. They revolve asa non-rotating body would revolve if captured 
by the attracting mass. : 

2d. Could tidal attraction ever completely stop the original rotation of such 
a body as I have supposed or would it only render it slower and slower until the 
periods of rotation and revolution very nearly corresponded? And would the re- 
sult in this respect be affected by the position of the original axis of rotation ? 
Would tidal attraction retard a rotation round an axis in the plane of the orbit 
as much as a rotation round an axis perpendicular to that plane ? 

And as I am putting questions may [ venture on a third relating to a differ- 
ent branch of gravitational astronomy, viz: What are the facts of observation 
which show that gravitation is not propagated in time? Of course a physical 
system might exist (conceivably at least) in which attraction was propagated 
with, say, the velocity of light. What are the facts of observation which estab- 
lish that the solar system is not such a system as this? For if the proof turns on 
sarly eclipses our information as to the dates of these does not appear to be very 
trust worthy. 

Dublin, Ireland, May 15, 1897. 


W. H.S. MONCK. 


Atlas of the Uranometria Argentina.—Copies of this celestial atlas 
are for sale at $6.00, and can be obtained by addressing the Astronomical Jour- 
nal, Cambridge, Mass. This well known work consists of thirteen large charts, 
with a fourteenth index-chart, on which are depicted accurately the positions and 
magnitudes of about 8,000 stars, to the seventh magnitude, between 12° north 
declination and the south pole. Of these nearly 6,000 are visible above the hori- 
zon in mean latitudes of the United States. It is almost indispensable to the as- 
tronomer, professional or amateur, whether employed in observation with the 


i 
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telescope, field or opera-glass, or naked eve; and especially so to those interested 
in the observation or detection of variable stars. 

It will be sent, free of postage or express, on receipt of order, accompanied by 
remittance in postal money order or check payable to the Astronomical Journal. 


A Matter of History.—‘ Professor Pickering was unquestionably the first 
to intelligently appreciate the great importance of seeking a good atmosphere.” 
(A. E. Douglass, PopuLak Astronomy, Vol. V., p. 65.) 

“If the theory of telescopes could at length be fully brought into practice, 
yet there would be certain bounds beyond which telescopes could not perform. 
For the air through which we look upon the stars is in a perpetual tremor, as 
may be seen by the tremulous motion of shadows cast trom high towers, and by 
the twinkling of the fixed stars. The only remedy is a most serene and quiet air, 
such as may perhaps be found on the tops of the highest mountains above the 
grosser clouds.”” (Newton Optics, second edition, 1719, p. 107). 

In 1851 Professor G. P. Bond attempted to see the corona in full daylight by 
occulting the Sun, at some high station where the atmosphere was free from 
dust. The experiment was tried in Switzerland. Sce the American Journal of 
Science, 3d series, Vol. X, pp. 81 83. 

In 1852 Lassell removed his 2-foot reflector from England to Malta, ‘chiefly 
for the purpose of obtaining better views of the planets.”’ 

In 1856 Professor Piazzi Smith studied, *‘The effects of fogs, local clouds, 
wind, dust, moisture, etc,”’ during a stay of two months at Teneriffe. 

A consideration of the above leads one to the conclusion that the subject of 
atmospheric conditions, as influencing the performance of great telescopes, was 
pretty thoroughly threshed out some years before Professor W. H. Pickering was 
interested in the matter. Would it not be more nearly correct if Mr. Douglass 
should say, ‘‘ The Harvard expedition to Peru was the natural consequence of 
the investigations of Newton in 1717, Lassell in 1852 and Piazzi Smith in 1856 :" 
and if the credit for being the first to “intelligently appreciate the great impor- 
tance of seeking a good atmosphere,”” were given to Lassell rather than to Pro 
fessor’Pickering? It seems to me that the facts answer my question in the afliirm 
ative, and without in the least affecting the “seeing’’ of any observer of Pro- 
fessor Pickering’s work A. H 

Oakland, Cal., June 12, 1897. 


BABCOCK. 


Royal Observatory, Greenwich, England.— Astronomer Royal, W. H. 
M. Christie, made his report to Board of Visitors, June 5, 1897. In it we notice 
two paragraphs of general interest to Astronomy which bear on the 10 year 
Catalogue and the Astrographic Chart. They are as follows 

“The preparation of the 10-year Catalogue of stars 1887-1896, has been 
pushed on vigorously during the past year. This catalogue will give accurate 
places for nearly 7000 stars, a large number of these being stars observed by 
Groombridge, so that good data for proper motions will be available. The obser- 
vations of tundamental stars contained in this catalogue are very numerous, the 
number of observations in the case of Polaris amou iting to 1400 in right ascen 
sion and 1760 in north polar distance, and there will thus be ample material for 
discussion of systematic errors.” 


“As regards the Astrographic Chart, the decision to measure the plates for the 
Catalogue twice (in reversed position) with a view to securing greater accuracy, 
naturally involves considerable addition to the work, but the value to the results 
will be more than proportionately increased. At the present rate of progress the 
whole work of measurement and re-measurement will be completed within nine 
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years, and by the end of the present year it is expected that all the plates for the 
zones between 64° and 68° declination will have |,ccui wieasured twice, and that 
the measures will be ready for printing together with the constants for the plates. 
This portion of the Catalogue, which it is proposed to publish without delay, will 
contain the results from 268 plates out of a total of 1,149 plates allotted to 
Greenwich. 


W.C. Bond and G. P. Bond, Former Directors of Harvard Col- 
lege Observatory —Notice is received that Dr. Edward S. Holden, Director of 
Lick Observatory,is soon to prepare a biography of William C. Bond, Director of 
Harvard College Observatory, 1840-59, ond of his son, George P. Bond, also Di- 
rector of Harvard College Observatory 1859-65. Dr. Holden undertakes the 
preparation of this biography at the request of the daughters of George Bond. 
The book will be well illustrated, but the edition will be small. Price two dol- 
lars. Copies may be obtained from C. A. Murdock & Co., 532 Clay St., San 
Francisco, or from Messrs. Lemeke & Biichner, 812 Broadway, New York City. 


Mr Ed. Kandler, Manufacturer of Astronomical and Surveying 
Instruments.—Attention is called to the new advertisement in this publication 
by Mr. Ed. Kandler, manutacturer of Astronomical and surveying instruments, 
and apparatus for physical and astrophysical research, resident at 415 417 
Dearborn street, Chicago. Mr. Kandler has had long experience in different in- 
strument shops in Europe and United States betore coming to Chicago, both as a 
maker and as a responsible overseer of the work of others. Mr. Kandler has the 
reputation of being a careful and competent maker and designer of special appa- 
ratus for physical research. He was tormerly a member ot the firm of Kandler 
and Gaertner which dissolved a few months ago. 


Death of Edward James Stone, Director of Radcliffe Observa- 
troy.—Number 3426 of the Astronomishce Nachrichten contains an account of 
the death of Director Edward James Stone of Radcliffe Observatory which oc- 
curred May 9, after a brief illness. Mr. Stone was a graduate of Queen's College, 
Cambridge, in 1859, and was chief assistant at the Roysl Observatory, Green- 
wich, for 10 years. He was made Royal Astronomer at the Cape ot Good Hope 
in 1870 and in 1879, he was appointed as Radcliffe Observer at Oxtord in succes 
sion to Rev. R. Main. This po ition he held till his death. For a statement of 
the scientific work of Mr. Stone which covers an active period of about torty 
years, reference should be had to the Astronomische Nachrichten as indicated 
above. 

The Paris Exposition of 1900.—It is reported that the Senate Commit- 
tee on International Expositions has reported a bill providing for the representa- 
tion of the United States at the Paris Exposition of 1900, and recommending an 
appropriation not to execed $500,000. The bill provides for a Commissioner- 
General at a salary of $10,000 a yeir, an Assistant Commissioner-General at a 
salary of $6,000 and ten scientific experts at $2,500 each per year. 


For Sale Very Cheap, a Brashear 8'2 inch mirror and flat. two eyepieces, 
mount with rack and prism. The mirror is perfect being just resilvered by Mr. 
Brashear. Inquire at the office of PopULAR ASTRONOMY. 


Flexure of Telescopes.— Milton Updegraff, Director of the Observatory 
of University of Missouri, at Columbia, Mo., has published a usetul paper on the 
*Flexure of Telescopes." Those who may be studying this subj.ct will find it in 
No. Lt Vol. VIL. of the Transactions of the Academy of Sciences of St. Louts. 

Double Star Observations at the Morrison Observatory —l rotess- 
or Henry S. Pritchett has recently published a series of double star observations 


which were made last summer at the Morrison Observatory, Glasgow, Mo., by 
the aid oft the 1214-inch retractor. No. 13, Vol. VIL. T. A. S. St. L. 


Geometrical Properties of Lines of Force from Electrified 


Bodies.—Wm. H. Roever’s paper on the geometrical preperties of the lines of 


force proceeding from (a) A system consisting of an electrified plane, and an elec- 
trified line parallel to the plane (b) A system consisting of an electrified plane 
and an electrified point, furnishes good reading for students in pursuit of the ap- 
plication of analytic methods, to say nothing of the main purpose of the paper in 
particular lines of investigation. 
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